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IMPLEMENTATION STATEMENT

This edition of the Texas Highway Operations Manual is an interim version which has been
developed by the Texas Transportation Institute as part of afive year research study on urban
highway operations. Portions of the manual will be updated throughout the study period as
new research findings become available. Thefina version of the manual will be published at
the end of the research study. Y our comments about interim versions of this manual are
encouraged along with suggestions for additional information to be included or areas which
need to be added. Examples of the application of the principles described in the manual are
also requested. Please contact the Texas Transportation Institute at the address below with
any comments or suggestions about the Manual or its contents.

Thomas Urbanik

Study Supervisor

Texas Transportation I nstitute
TexasA&M University

College Station, Texas 77843-3 135

The user of this manual should contact the Communications Program at the Texas
Transportation Institute to order future updates to the Texas Highway Operations Manual.

Communications Program

Texas Transportation Institute
TexasA&M University System
College Station, Texas 77843-3135
(409) 845 1734

DISCLAIMER

The contents of this report reflect the views of the authors who are responsible for the
opinions, findings, and conclusions presented herein. This study was conducted in
cooperation with the U.S. Department of Transportation, Federal Highway Administration.
The contents do not necessarily reflect the official views or policies of the Federal Highway
Administration or the Texas Department of Transportation. This report does not constitute a
standard, specification, or regulation, and is not intended for construction, bidding or permit
pUrpOSES.
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Chapter 1 - Introduction to Operations Manual Section 1 - Overview

OVERVIEW

‘ Traditionally, traffic operations have been concerned primarily with the mechanics of
traffic control devicesin order to make the most effective use of existing highways, The
assumption was that with enough signs, signals, and markings, any highway design could
be made to operate satisfactorily. Asaresult, the design and construction of a highway
was sometimes completed before due consideration was given to the operating
characteristics of that facility.

Over the years, experience has shown that highway designs that consider operational
issues can be operated with a minimum number of traffic control devices, but highway
designs based only on minimum geometric standards may not operate satisfactorily under
higher traffic volumes, regardless of how many traffic control devices are used. An

effective design process requires all highway factors to be considered so that a balanced
facility can be achieved.

The Texas Highway Operations Manual promotes the concept that highway operations is a
partner with planning, design, construction, maintenance, finance, and administration.

The manual is also intended to show how various highway factors can be combined to
provide the best possible operations under the prevailing conditions.
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Chapter 1 - Introduction to Operations Manual Section 2 - Highway Operations

HIGHWAY OPERATIONS

The term highway operationsis used to describe the interaction of vehicles within the
traffic stream, given the limitations controlling that interaction, such as geometric design,
traffic control, vehicle characteristics, and driver characteristics. Highway operations are
also the yardstick by which the user measures the quality of the facility. The highway
characteristics which matter most to the driver are speed of travel, safety, comfort, and
convenience. Drivers have been conditioned to expect a certain standard of excellence on
Texas highways. The engineer’s challenge isto provide the best possible level of service
within budget constraints and the limitations of the design process.

1.0 Needfor Addressing Operations

The need for considering highway operations has become more evident in recent years as
the demand for highway facilities has increased faster than the supply of urban highway
lane-miles. The result has been an increase in traffic congestion and motorists' delay
together with a reduction in operational efficiency. Congestion in Texas now costs
billions of dollars each year in excessive delays, fuel consumption, and air pollution.

This manual provides engineers with the operational concepts and tools needed to
accomplish the Department’s mission of providing a safe, economical, effective, and
efficient highway transportation network. Improving highway operations provides a more
cost effective means of addressing highway needsin the state. An aggressive program to
address congestion through a highway operations program will pay dividendsin improved
operations and better motorist satisfaction.

2.0 Benefitsof Improved Operations

Improving highway operations results in improved safety, better utilization of available
capacity, reduced fuel costs, improved air quality, greater trip reliability, and reduced
travel time. Projects that improve operations have produced Benefit/Cost ratios of 10:1
or more. Improved highway operations helps develop public support for other highway
activities.

3.0 Purposeand Objectivesof the Texas Highway Operations Manual

The overall purpose of the Texas Highway Operations Manual isto provide, in one
comprehensive document, the means by which department engineers can obtain the
knowledge needed to improve highway operations. The manual isintended to satisfy the
following reguirements and objectives:

continued
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3.0 Purpose and Objectives of the Texas Highway Operations Manual (continued)

+ Have application to all aspects of highway planning, design, construction, ‘
maintenance, and administration.

+ Be useful in congested urban areas, as well as suburban and rura areas.
+ Serve as a primary tool for implementing the findings of operations research.
+ Be compatible with other Department manuals.

+ Contain state-of-the-art information which can be updated and revised as needed.

4.0 Institutional Considerations

Improving highway operations requires cooperation between the appropriate agencies and
jurisdictionsin al phases of highway operations. In addition to the Texas Department of
Transportation, other agencies which may beinvolved in operations include city or county
transportation or public works departments, state, city and county law enforcement
agencies, transit agencies, emergency services, and others. The Traffic Management
Team (TMT) provides a means for communications between these various agencies.
Chapter 6 contains additional information about the TMT.

5.0 Use of the Texas Highway Operations Manual

Thismanua isintended for use at all levelsin many different areas including, planning,

design, traffic engineering, construction, and maintenance. It describes operational

concepts that have application to all situations, rural as well as urban. These concepts .
will be of greatest benefit when applied at the beginning of a project and followed

throughout the project’s life. However, these concepts may also be used to evaluate

congested areas and the impacts of proposed improvements and/or reconstruction.

The practicesin thismanual are advisory in nature and arerecommended but
not mandatory. Nevertheless, operational consider ations should be given equal
weight when compar ed to other considerationsin developing a proj ect.

continued .
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5.0 Useof the Texas Highway Operations M anual (continued)

The manual is organized in the following manner:

+ Part | - Background
- Chapter 1 - Introduction to Operations Manual
+ Part Il - Fundamental Operational Practices
Chapter 2 - Operationa Considerationsin Project Development
Chapter 3 - Operational Considerationsin Preliminary Design
o Chapter 4 - Operational Considerationsin Final Design
Chapter 5 - Operational Considerationsfor Scheduled Activities
+ Part I11 - System Management
o Chapter 6 - System Management
- Chapter 7 - Data Collection
- Chapter 8 - Traffic Operations Analysis
- Chapter 9 - Incident Management
- Chapter 10 - Control Strategies
- Chapter 11 - Information Systems
+ Part IV - Supporting Material
o Appendix
« Abbreviations and Definitions
- Annotated Bibliography
¢ Index

Various publications are referred to throughout the text of thismanual. The Annotated
Bibliography provides abrief description of these publications and |ocations from which
they may be obtained.

6.0 Revisionstothe TexasHighway Operations Manual

This edition of the Texas Highway Operations Manual is an interim version which has
been developed as part of afive year research study on urban highway operations.
Portions of the manual will be updated throughout the study period as new research
findings become available. Thefinal version of the manual will be published at the end
of the research study. Y our comments about interim versions of this manual are
encouraged along with suggestions for additional information to be included or areas
which need to be added. Examples of the application of the principles described in the
manual are also requested. Please contact the Transportation Planning Division (D-10R)
with any comments or suggestions about the manual or its content.
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7.0 Relationship between the Operations Manual and Other TxDOT Manuals

Thismanual isnot intended to replace the Texas Department of Transportation (TXxDOT) .
Highway Design Division Operations and Procedures Manual or any other TxDOT

manual. This manual provides operational information which supplements other

departmental manuals. This manual will help the highway designer understand how the

interactions of various design elements affect operations so that an appropriate balance of

elements can be achieved. The Texas Highway Operations Manual is not intended to

reproduce every detail in other manuals, therefore, it may be appropriate to refer to other

manuals for additional details.
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OPERATIONAL OBJECTIVES OF DESIGN

Throughout the design process, the highway designer should strive to meet several
objectives which will impact the quality of the highway designin its current form and in
future redesigns.

1.0 Operations and Design Quality

The engineer should strive to obtain the highest quality highway design possible. A high
quality design provides:

+ operational flexibility to meet unanticipated traffic conditions

+ expansion potential to adapt to changes in design requirements

+ maintainability to reduce maintenance requirements, including the performance of
maintenance activities

Quiality design emphasizes the importance of evaluating a highway facility over itsentire
life (including reconstruction), as opposed to the design life, such that it has the lowest
cost over itsentire life.

The design or redesign process for a highway requires the balancing of needs such as
access, operations, cost, constructability, maintenance, and others. In some cases, the
optimal operational solution may be limited by the requirements of other needs. Thisis
particularly true in the reconstruction of existing facilities. In these cases, the concepts
described in this manual can be used to provide the best possible operations under the
prevailing conditions. Figure |-l illustrates that operations is only one spoke on a wheel
containing many other spokes. Each of these areas are necessary to provide an effective
highway system.

2.0 Operational Flexibility

Highway design is predicated on devel opments which are forecast to take place 20 to 30
years hence. Even when the future land use and travel materialize as forecasted, there is
no assurance that local traffic will develop as predicted Consequently, some highways or
sections of highways may have inadequate capacity or be out of balance with adjoining
facilities before the design lifeisreached. Even when peak hour volumes are forecasted
with reasonable accuracy, unanticipated devel opment patterns, accidents, or other
incidents may cause overloading of specific highway segments. These negative impacts
can be offset by providing operationa flexibility in the highway design.

continued
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2.0 Operational Flexibility (continued)

Flexibility of operation can be achieved by providing added capacity through judicious
lane arrangements, lane balance, and alternative routes. Providing alternative routes
patterned locally and systemwide, permits traffic to seek an acceptable level of service by
distributing traffic. In al cases, the designer should strive to obtain the maximum
practical capacity that can be economically achieved, consistent with other elements of
system configuration. The highway design should be carefully selected with consideration
for maintaining the ability to choose from multiple design alternatives for future changes.

3.0 Future Expansion

Although highway elements normally have adesign life of 20 yearsto 30 years, the
highway environment does not always mature in the manner in which planners envisioned.
Future highway changes are often needed to accommodate unanticipated development. In
the preliminary design phase, the flexibility of the highway to adapt to changing
operationa conditions should be evaluated. This evaluation should be done independently
of existing and expected traffic volumes or current design policies. Some of the future
changes which deserve consideration in preliminary design include: reduction of lane
widths to add lanes, implementing high-occupancy vehicle lanesin median or outer
separation, ramp and highway widening, future use of shoulders as lanes, and structure
widening. Innovative engineering in preliminary design can greatly increase the flexibility
of afacility to adjust to changing operational conditions. Some engineering
considerations include: placement of bridge columns to permit pavement widening, extra
width of pavement to permit restriping for narrow lanes, and drainage structures located
away from potential future wheel paths.

4.0 Maintainability

Highway maintenance activities can have a detrimental effect on capacity. Therefore,
future maintenance requirements of afacility should be carefully considered in

preliminary design. Wherever practical, highway elements should be designed to reduce
maintenance requirements. Potential maintenance considerations include increased
pavement width, shoulder pavement thickness, reduction of sign supports on roadside and
median, shoulders on both sides for parking maintenance vehicles, and others. When it is
impractical to reduce maintenance requirements, highway elements should be designed to
minimize the cost of the maintenance activities.

Texas Highway Operations Manual 1-11 ,  TXDOT 08/92



Chapter 1 - Introduction to Section 3 - Operational Objectives
Operations Manual of Design

5.0 New Construction and Reconstruction .

Much of the design and operational activities currently being performed by the Texas
Department of Transportation arerelated to thereconstruction of existing highways,
as opposed to the construction of new highways on new alignment. The redesign and
reconstruction of an existing highway facility presents many limitationson the
selection of operational alternatives. Restricted right-of-way, access requirements,
environmental concer ns, and public opposition may prevent theimplementation of
optimal operational conditionsand require that compromisesbe madein all areasin
order to providethe best possible operations given therestrictions on the design
process.

Many of the operational conceptsdescribed in thismanual addressdesirable
operational conditionsthat are more easily implemented on new highway facilities.
When the user of thismanual is applying these conceptsto the reconstruction of an
existing facility, he or she must identify the operational limitations of the project and
operational strategies that achieve the best possible operations given those limitations.

6.0 Public Involvement Process

Operational deficiencies are more difficult to address after design commitments have been

made in the public hearing process. Therefore, it isimportant to consider the operational

principles addressed in this manual during the earliest phases of the design processin

order to obtain effective highway operations. The Highway Design Division Operation .
and Procedures Manual addresses the public involvement processin greater detail.
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FUNCTION AND HISTORY OF THE HIGHWAY SYSTEM

The highway system in Texas and the United States serves a variety of functions, but
primarily the movement of people and goods. Travel to and from work, services, socia,
and recreational purposes, and many other activities are necessary functions of our
complex society. These functions have developed in a span of less than a hundred years,
during which we have moved from horse-drawn vehicles on dirt roads to motor vehicles
operating on an extensive network of high quality highways. The next hundred years may
see the development of automated vehicles, computerized navigation, and other
technological advances,

1.0 Movement and Access

Highways serve two competing functions: movement and access. The highest quality of
service is provided when access is controlled. Careful control of access ultimately
provides the highest level of serviceto all system users. Access, once provided, is
difficult to limit. All access decisions should be made with due consideration to the
possibility of significant future traffic growth.

2.0 Historical Development

Our highway system has achieved its present level of maturity in arelatively short period
of time. Highway construction for motor vehicles began in the early part of the 20th
century. The post World War |1 era experienced a phenomenal growth in highway
construction, including the construction of the Interstate Highway System. Presently, the
focus has shifted from the construction of new facilities to the maintenance, operation,
and rehabilitation of existing highways.

Prior to the turn of the century, highways in the United States were primarily narrow toll
roads and turnpikes, often little more than cleared paths through the wilderness. The
early roads were largely natural earth, although timber, cobblestone, macadam, and
crushed stone were sometimes used as surfaces. The first state-aid highway law was
enacted in 1891, and by 1900, six states had enacted similar legislation. In 1916, the
Federal Aid Road Act was passed to aid the states in the construction of rural roads. A
key feature of the act required all construction to be under the supervision of an organized
state highway department. Texas became the 45th state to set up a highway department
on April 4, 1917. Early Texas Highway Department efforts concentrated on registering
vehicles (which provided the funding for Department activities) and organizing the
Department.

continued

Texas Highway Operations Manual 1-13 TxDOT " 08/92



Chapter 1 - Introduction to Section 4 - Function and History
Operations Manual of the Highway System

2.0 Historical Development (continued)

World War | heralded anew erain highway construction in the United States. State and
federal agencies recognized their responsibilities in the transportation field and began
major construction efforts in many areas. Asthe highway system began to improvein
quality, so too did the operating capabilities of the automobile. The improved operating
characteristics of the automobile led to the need for an even higher level of highway
design, which became the freeway.

Thefirst access-controlled motor highway in the United States was the 40-mile Long
Island Motor Parkway, built as a race course, but opened to the public in 1908. In 1923,
construction began on a high-speed toll road in Italy. This was the first motor road of
any considerable length to be built with full access control which is the vital principle of
modem freeways. These roads were laid out as a series of long tangents, joined by
superelevated curves of 1640 feet minimum radius. The first German autobahn began
construction in 1933. These were the first highways with a design based on the concept
of tying horizontal and vertical curvature and sight distance to speed. The design speed
was 112 mphinflat areas, and was reduced to 87 mph in rolling and mountainous areas.

The first modern highway in the United States was the 160-mile long Pennsylvania
Turnpike, opened in October of 1940. All curves of less than 3,300 feet radius were
spiraled and sight distance was provided for a speed of 70 mph (60 mph in eight cases).
The first freeway in Texas was a 3.7-mile long section of the Gulf Freeway in Houston,
opened in 1948. By mid-1951, four Texas cities had begun development of a freeway
system. The Gulf Freeway was 8 miles long and the daily traffic volume was almost
67,000 vehicles. The Central Expressway in Dallas was 4.4 miles long, San Antonio had
a 3-mile segment of freeway, and Fort Worth had constructed two freeway segments,
totaling 6 milesin length. At the beginning of 1963, there were 954 miles of full access
controlled freeways on the state highway system in Texas. In 1989, there were 3,997
miles of full access controlled freeways on the state system in Texas. Daily travel on
these highways exceeded 122 million vehicle-miles in 1989.

The early Texas freeways differed in many ways from today’ s freeways, although the
basic concept of the freeway has not changed over the years. Theorigina Gulf Freeway
was built on new alignment, designated as the new U.S. 75 highway (the interstate system
had not yet been funded). The freeway cross-section consisted of six, 12-foot traffic lanes
and a 4-foot raised median with no barrier.  One-way frontage roads were provided on
each side of the freeway, athough they were not continuous. The 24-hour traffic volume
was approximately 28,000 (approximately 10 percent on frontage roads) just after the
freeway first opened on September 30, 1948. By the middle of June 1949, the 24-hour
volume was over 50,000 vehicles. The speed limit on the freeway was 45 mph and 30
mph on the frontage roads. However, the actual freeway speeds ranged between 34 mph
and 66 mph, with an 85th percentile speed of 52 mph. Today, the same section of the
Gulf Freeway serves more than 150,000 vehicles per day.
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3.0 Current Challenges

Although freeway and highway design has made tremendous advancesin the last 40
years, these advances have not eliminated all the problems associated with such systems.
The major challenges at the present time include the high levels of demand which have
developed over recent years in urban areas and the difficulty of adding lanes to increase
capacity. Other challenges include aging of highway infrastructure, reconstructing
existing facilities while maintaining traffic flow, changing travel patterns, updated design
standards, and different vehicle characteristics.

4.0 Future Direction and IVHS

The future in highway operations will see the development of automated vehicles,
computerized navigation, and other technological advances. Efforts are aready underway
inthe United States and in Texas to develop the Intelligent Vehicle/Highway Systems
(IVHS) concept. Theterm IVHS applies to transportation systems that involve integrated
applications of advanced surveillance, communications, computer displays, and control
process technologies, both in the vehicle and on the highway. At the present time, IVHS
research and activities are concentrated in five areas -- Advanced Traffic Management
Systems (ATMS), Advanced Traveler Information Systems (ATIS), Advanced Public
Transportation Systems (APTS), Commercia Vehicle Operations (CVO), and Advanced
Vehicle Control Systems (AVCS).

ATMS monitors, controls, and manages traffic. It is the umbrella under which the other
elements operate and provides the communication link between the roadway, the vehicle,
and the driver. ATMS uses real-time data to control and manage traffic by adjusting
traffic signals, aerting incident management personnel, and displaying current traffic
conditions to drivers.

ATIS provides travelers with information on current road/traffic conditions, navigation
information, safety warning messages, and other services through audio and visual means
in the vehicle. This type of information will help travelers to select optimal routes to
their destinations given the conditions existing at the time of their trip. The information
may be displayed on computer screens in the vehicle or projected on a head-up display in
front of the driver. The displayswill include maps and appropriate messages or warnings
from electronic roadside signs.

continued
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4.0 Future Direction and I VHS (continued)

Advanced Public Transportation Systems (APTS) encompass the application of advanced
electronic technologies to the operation of high-occupancy, shared-ride vehicles including
conventional buses and the entire range of rail and para-transit vehicles. The Intelligent
Vehicle/Highway Systems (IVHS) technologies of communications, navigation, and
advanced information systems hold immense potentia for the improvement of mass
transportation services. These technologieswill inform the traveler of the costs and
schedules available for the desired trip including the most advantageous routing. They
will keep the traveler posted in real-time of any service changes and respond to changes
in travel plans. They will assist the vehicle operator manage an efficient and safe fleet.
They will allow the planning of services so asto meet a broad range of consumer needs.
They will allow the community to manage its roadways with special recognition of high-
occupancy vehicles.

Commercial Vehicle Operations (CVO) provides great promise for improving the
productivity, safety, and regulations of large trucks, delivery vans, buses, taxis,
emergency vehicles, and similar commercial or fleet vehicles. Faster dispatching,
efficient routing, and more timely pick-ups and deliverieswill be possible. CVO

technol ogies will also reduce the time spent at weigh stations, improve hazardous material
tracking, reduce labor costs to administer government truck regulations, and minimize
costs to commercia vehicle operators. CVO applications will include automatic vehicle
identification, vehicle classification, weigh-in-motion, vehicle location, cargo
identification, and driver identification.

Advanced Vehicle Control Systems (AVCS) presentsthe greatest current challenge, but
the largest long-term potential. The objective of AVCSisto develop technologies that
help the driver perform vehicle control functions. AV CS areas include driver warning
and assistance, obstacle avoidance, and automatic steering/headway control. AVCS
technol ogies will include hazard warning systems that sound an alarm when avehicle
moves dangerously close to an object or another vehicle, infrared imaging systems that
enhance driver visibility at night, and adaptive cruise control and lane keeping systems
that automatically adjust vehicle speed and position within a lane. The lane keeping
systems may utilize radar systems that detect the position and speed of alead vehicle or
electronic transmittersin the pavement that detect the position of vehicles within the lane
and send messages to a computer in the vehicle that has responsibility for partial control
functions.

As AV CS technology advances, lanes of traffic may be set aside exclusively for
automated operation. Small groups of vehicleswill travel together at high speeds with
very small headways, controlled through obstacle detection and automatic speed control
and braking systems. These automated facilities have the potential to greatly increase
highway capacity, while at the same time providing for safer operation. Eventually,

AV CStechnologies will provide for complete control of the driving function for vehicles
operating on specially equipped freeway facilities.
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BASIC TRAFFIC FLOW CHARACTERISTICS

Understanding traffic operations requires a basic understanding of various factors which
influencethetraffic stream. The following subsections provide a brief description of the
major traffic stream factors.

1.0 Driver Characteristics

A number of human factors have a direct influence on driver performance, particularly
vision and response time. Those visual factors of concern to the engineer are visua
acuity, the cone of vision, peripheral vision, and driver response to glare.

Visual acuity isthe ability of adriver to discern objects. The test used to determine a
driver’svisual acuity measures the ability to see a non-moving object under ideal
illumination. Therefore, care should be exercised when sizing various elements of the
highway environment, keeping in mind the importance and complexity of the el ements
which must be observed and understood by the driver.

The cone of vision isthat areain front of a driver where the driver focuses his visual
attention. The sharpest vision occurs within a cone of 3°, clear vision occurs within a
cone of 10° and satisfactory vision within 20° For reading purposes, the visua field is
10° or less. The ability of adriver to observe and react to information outside the cone
of vision drops rapidly outside this limit.

However, objects outside the cone of vision can be detected in periphera vision. When
stationary, peripheral visionisnearly 180°. As speed increases, the driver’s ability to
detect objects at the limits of the peripheral vision decreases. At 20 mph, the effective
peripheral vision is about 100°, and at 60 mph it reduces to about 40°. When an object
is detected with periphera vision, the driver will focus attention on the object in order to
evaluate it and determine the proper course of action.

Figure |-2 illustrates the visua field. Note that the field of sharpest vision is only eight
feet wide at a distance of 150 feet from the driver. Whenever possible, pertinent
information should be placed within the 10° cone of vision to facilitate its observation and
understanding.

The 10° cone of vision has a significant impact on the placement of information,
particularly signing. Figure I-3 illustrates an example where an 8-foot wide sign is
located 30 feet from the travel lane. If three seconds are required for the driver in the
outside lane to read the sign, then it should be placed 498 feet in front of the driver.
Therefore, the sign lettering should be large enough to be read from 498 feet. This
distanceislonger for vehiclesin theinsidelanes. In some cases, it may be necessary to
locate the sign over the lane in order to place it in the 20° cone of vision. Chapter 3,
Section 3, Segment 7.0 and Chapter 4, Section 2, Segment 3.0 contain additional
information on sign design and location.

continued
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1.0 Driver Characteristics (continued)

Visual capability decreasesin nighttime driving conditions, primarily due to reduced
lighting levels. Visual capability isfurther decreased by the inability of the human eyeto
quickly adjust from bright to dark conditions and to discern between low contrast objects.
When the driver is exposed to a higher lighting level, the pupil contracts in adjusting to
the light, Asthelighting level isreduced, the pupil dilatesto allow more light to enter
the eye. The time needed for the pupil to contract is only about 0.3 seconds, while it
takes about six seconds for the pupil to dilate. When the pupil has contracted, the driver
cannot easily see objects in the areas away from the area of the bright light. The term
glareis used to describe the presence of bright lights or bright light reflection which
interfere with the driver’s vision. Glare sources include vehicle headlights, street
lighting, advertising, and adjacent site lighting. The engineer should strive to reduce
glare sources to an acceptable level.

Driving performance is also impacted by the time required for adriver to react to various
Situations which may occur in the highway environment. This time period is known as
the response time and includes the time needed for a driver to see an object, identify the
object, decide how to react to the object, and to carry out the desired action. The
response time increases with the number of choices, complexity of the judgement, and the
driver’s age, degree of fatigue, level of alcohol consumption, and physical deficiencies.
Typical response times range from 0.5 to 4.0 seconds.  The stopping sight distance and
passing sight distance are used to represent response times in most geometric design
elements. In some cases, the decision sight distance (Chapter 2, Section 3, Segment 4.3)
should be used due to the operational maneuver distances required in normal driving.

Many older drivers possess diminished visual and response capabilities from that of the
normal population. Thisis especially truein nighttime conditions. Additionally, older
drivers are becoming an increasing proportion of the total driving population. The
diminished capabilities of older drivers should be considered in the evaluation of highway
operations and countermeasures should be taken where appropriate.

Good operations will most likely occur when drivers have good visibility and the largest
practical response time. However, perception conditions are seldom ideal due to driver
and environmental variability. Therefore, information should be placed for maximum
visua perception given the prevailing conditions. The engineer must strive to achieve a
compromise between driver demands and the limitations of other design factors.
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2.0 Vehicular Characteristics

The vehicular characteristics related to operational concernsinclude size, power,
acceleration, and deceleration. The performance characteristics of trucks are lower than
those of passenger cars.

Vehicle size has an obvious impact on operations.  The primary measurements of concern
include vehicle length, width, height, turning radius, and weight. Larger vehicles such as
trucks occupy more space, reducing the overall capacity of the highway. Heavier vehicles
place agreater load on the pavement. The turning radius of vehiclesimpacts intersection
design. Design vehicles are used to represent the physical characteristics of selected
vehicle types. The design features of a particular highway are selected to accommodate a
particular design vehicle. Both the Highway Design Division Operations and Procedures
Manual and the American Association of State Highway and Transportation Officials A
Policy on Geometric Design of Highways and Streets address the different design vehicles
that use highway facilities.

3.0 Traffic Stream Characteristics

The parameters used to describe the traffic stream are a function of the driver, vehicle,
and geometric characteristics found in the traffic stream. The most common parameters
are flow, speed, and concentration. Level of service isused to provide a qualitative
description of operational conditions.

Flow is ameasure of the number of vehicles passing a point during a given time period.
The most common units of measure for flow are Average Daily Traffic (ADT) measured
in vehicles per day and Design Hour Volume (DHV) measured in vehicles per hour.
Another unit of measure is the rate of flow or flow rate. Flow rates are actual counts of
less than one hour (typically 15 minutes) expressed as an equivalent hourly volume. Flow
rates are especially important in areas with short peak periods.

The rate of vehicular motion is described by speed. Speed can be measured at a point
(time-mean speed) or over a length of roadway (space-mean speed). The most common
unit of measure for speed is miles per hour, athough feet per second is aso used in some
applications.

Vehicle spacing is represented by concentration. 1t isnormally described by the density
of traffic, but can also be described with lane occupancy (which represent the percent of
time that a point in the highway is occupied). The units of measure for density and lane
occupancy are vehicles per mile and percent occupancy, respectively. Density is not
normally measured in the field due to the difficulty of performing the measurement.

continued
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3.0 Traffic Stream Characteristics (continued)

Another variable used to describe the traffic stream is headway. Headway is the time
separation between the same point of successive vehicles. Its most common unit of
measure is seconds per vehicle. It can be measured from front bumper to front bumper
or rear bumper to rear bumper. Theinverse of the average vehicle headway provides a
measure of flow.

A level of service definition generally describes operational conditionsin terms of such
factors as speed and travel time, freedom to maneuver, traffic interruptions, comfort and
convenience, and safety. Six levels of service are defined for each type of facility for
which analysis procedures are available. They are given letter designations, from A to F,
with level-of-service A being the best and level-of-service F being the worst.

4.0 Congestion Characteristics

There are two types of congestion of concern to the engineer: recurring congestion and
nonrecurring congestion. Recurring congestion occurs repeatedly at the same place
(upstream of a bottleneck) and time as the result of insufficient capacity or increased
demand at a specific location. Typically, the recurring congestion can be predicted with
some reliability. Because recurring congestion can be predicted, steps can be taken to
reduce the impact of the congestion. Recurring congestion normally occurs as the result
of excessive demand due to peak period traffic volumes and specia events, or reduced
capacity caused by construction activities and scheduled maintenance activities.

Peak period recurring congestion results from increased demand during the primary
commuting time in the morning and late afternoon. Thisis the so called “rush hour
traffic.” Part 11 of this manual addresses some of the options available to reduce the
impacts of peak period congestion.

Some specia events are such large traffic generators that congestion will always be
present when the eventstake place. Athletic events and concerts are typical examples of
special eventswhich will create congestion that can be anticipated in advance of the
activity. The congestion impacts of scheduled maintenance and construction activities can
also be anticipated with a fair degree of accuracy. Asaresult, congestion resulting from
these activities is considered recurring congestion. Chapter 5 also addresses recurring
congestion for scheduled activities.

Nonrecurring congestion results from an increase in demand or decrease in capacity which
cannot be anticipated in advance. Typical causes of nonrecurring congestion are
accidents, vehicle breakdowns, adverse weather, inability of a highway component to
fulfill its purpose in the intended manner, emergency (or unscheduled) maintenance,
traffic diversions, and other situations. Chapter 9 addresses procedures for managing
incidents on urban highways.
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OPERATIONAL DEMANDS

The proper application of the principles described in this manual can result in improved
highway operations. However, due to the multitude of factors which impact operations, it
may not be possible to provide the optimal operationa situation. In cases where the
optimal situation is not possible, the operational factors described in the following
paragraphs should be evaluated.

1.0 Driver Expectancy

Operations are improved when the actual highway environment agrees with what the
driver expectsit to be. Thisis because drivers tend to develop specific expectations about
what the highway environment should be like and make driving judgements based on
these expectations. Agreement between the drivers expectations and the actual highway
environment can result in areduction of erratic vehicle maneuvers, driver frustration,
driver errors, and reaction times.

The concept of driver expectancy has been devel oped to describe the preconceived notions
and reactionsto the highway environment. Driver expectancy is defined asaninclination
to respond to aroadway or traffic situation in a set manner, based on previous
experience. It should be stressed that the response is to the expected situation, rather than
to the actual situation. In addition, the same circumstance may be perceived in several
different ways, depending upon the situation, environment, and driver familiarity.

Drivers devel op expectations about virtually all aspects of the highway environment,
including the geometrics, signing, traffic flow, operational strategies, and others. As an
example, drivers expect to exit a freeway from theright side. If the exit is on the left
side, the driver may perform erratic maneuversin order to position the vehicle to use the
left exit, unless advance notice of the left exit is provided.

Distinctions can be made between the driver expectancy for familiar (or local) drivers and
unfamiliar (or non-local) drivers. Familiar drivers devel op expectations based on their
prior knowledge of a highway and its environment. Unfamiliar drivers develop
expectations based on their driving experiences on similar facilities and under ssimilar
conditions. Familiar driverstypically pay little attention to traffic control devices and
react primarily to other vehiclesin the traffic stream. For this reason, specia attention
should be given to aerting familiar drivers to changes in traffic control. Unfamiliar
driversrely on traffic control devices and their experiences in similar situations to make
driving decisions.

Description and application of the driver expectancy concept is difficult. The primary
reason is the inherent nature of the concept. Both local and non-local drivers are subject
to expectancy problems. The following examplesidentify areas where addressing driver
expectancy is especidly critical.

Texas Highway Operations Manual 1-23 TxDOT - 08/92



Chapter 1 - Introduction to Operations Manual Section 6 - Operational Demands

1.1 Exit Location

Drivers have preconceived notions about how a highway facility should belaid out. For
instance, freeway exits are normally located on the right side of the freeway. When an
exit islocated on the |eft side, it is contrary to what the unfamiliar driver expects and
may cause driver expectancy difficultiesin addition to merging and weaving problems, if
the driver is not adequately warned. Left-hand entrances are similar in that drivers do not
normally expect vehicles to merge into the traffic stream from the left side. The signing
requirements are more complex in each case due to the need to modify driver expectancy.

1.2 Entrance and Exit Visibility

Turbulence is created whenever vehicles enter or leave the traffic stream. The design of
these access points has an impact on the degree of turbulence created in the traffic stream.
Amplevisibility at access pointsimproves the efficiency of traffic maneuvers, thereby
reducing turbulence and congestion. Whenever practical, decision sight distance (Chapter
2, Section 2, Segment 4.3) should be provided for entrance and exit ramps. Providing
decision sight distance will allow driversto position their vehiclesin away that will
provide the most efficient operation. If decision sight distance cannot be provided, then
advance signing is needed to change the driver’s expectancy and prepare them for the
different conditions.

1.3 Merge and/or Diverge Maneuvers

Desirably, all merge and diverge maneuvers should occur in the outside lane or lanesto
the right side of the through traffic lanes. Figure I-4a shows one manner of locating
merge maneuvers in the outside lane. If merge and diverge maneuvers cannot be
accommodated in such a manner, then one or more of the following alternatives should be
considered: providing additional sight distance, advance signing of merge conditions, or
providing arecovery area.  Merge/diverge maneuvers which do not occur in the outside
lanes or on the right side may be unexpected by motorists.

Examples of unexpected merge/diverge maneuvers include interior lanes which end, left-
hand ‘entrances or exits, and lack of route continuity (Chapter 2, Section 2, Segment 1.0).
Figure I-4b illustrates an inside merge, where two interior lanes merge. In this situation,
two lanes are merged into one lane, with one or more travel lanes on each side of the
merge lanes. This typically occurs at freeway connections. The disadvantages of the
inside merge include: both merging lanes are traveling at high speed leaving less time for
choosing a gap, the right-of-way may not be clear creating uncertainty between driversin
the traffic streams, and there is no escape area (such as a shoulder) in case no gaps are
avalable.
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1.4 Sight Distance

In acomplex highway environment, the information processing demands of the driving
task may overload the driver. Whenever possible, generous sight distance should be
provided to reduce information processing demands. In addition, the part of the highway
hidden from view should be the same as what the driver expectsit to be from the portion
of the highway visible to the driver.

It is desirable to provide decision sight distance (Chapter 2, Section 2, Segment 4.3) at
locations such as freeway entrances and exits, freeway-to-freeway connectors, lane drops,
roadside rest stops, and inspection stations. The additional time provided by decision
sight distance allows drivers to maneuver into the proper position for the desired action in
amanner which has aminimal impact on highway operations. Decision sight distance
may not be obtainablein all situations. 1n these cases, it may be appropriate to provide
advance warning for the motorist.

In some cases a motorist may make an improper interpretation of the highway
environment. This situation occurs when a portion of the highway is hidden from the
driver’s view and a change in alignment or operations occurs in the hidden area.  Figure
[-5 illustrates one example of thissituation. A driver approaching thefirst vertical curve
in the outside |ane observes four lanes at the crest of both vertical curves. This
observation leads to the expectation that all four lanes are continuous and that the driver
can remain in the outside lane. However, between the vertical curves the outside lane
must exit or change lanes and then another lane is added at the entrance ramp. During
periods of light traffic volumes, the driver should be able to change lanes with little
impact on operations. However, during heavy volume periods, the last minute lane
changing may result in congestion.

1.5 Signing

Drivers will use signing to fill in their information gaps about the highway ahead. In
order for the signing to have a positive impact on operations, the signing should fulfill an
information need, be easily understood, and be consistent in application and use. Chapter
3, Section 3, Segment 7.0 and Chapter 4, Section 2, Segment 3.0 contain information
about the proper use and design of guide signs.

Examples of signing which may confuse driversinclude signs which conflict with the
visible geometrics at the point where the driver reads the sign, inconsistent reference to
destinations, variation in sign messages between different cities, signs which do not
provide sufficient distance to alow proper maneuvering, signs which do not apply to the
current highway environment, and signing for a successive exit located immediately after
the current exit point.
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Plan View
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. Figure 1-5. Deceiving Sight Distance Example
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1.6 Peak Period Impacts

The impacts of driver expectancy vary according to the level of traffic demand on the
highway. At low volumes, drivers may be able to react to an unexpected condition in a
manner which has minimal impact on the other vehiclesin the traffic stream. Eveninthe
cases where turbulence is created by the maneuvering vehicle or vehicles, the lack of
heavy traffic demand allows a quick recovery to normal operating conditions.

However, during periods of heavy traffic volumes, a highway may be operating at or near
capacity conditions. In thiscase, the turbulence created by aforced merge or lane change
may cause a reduction in the speed of the vehicle stream, resulting in a breakdown of
smooth traffic flow. Once the traffic flow breaks down, a return to normal traffic flow
will not take place until the demand is reduced.

2.0 Driver Workload Capacity

Drivers havelimited capabilities for assimilating and digesting information from the
highway environment. Sources of information can be described asformal or informal.
Formal information sourcesinclude signs, markings, signals, vehicletaillights, and road
maps. Informal information sources include roadway geometry, roadside appurtenances,
landmarks, personal directions, roadside advertisements, other vehicles, and prior
knowledge. Research has shown that control devices are not the primary source of
information to the driver. Therefore, highway design and operations should focus on
meeting driver information needs through informal sources and insuring that formal and
informal information sources are compatible.

When the environment provides more information than the driver can effectively process,
the driver sheds certain information in order to satisfy driving demands. Driver
information needs are arranged in accordance with a hierarchy where the driving tasks
related to control are at the top of the hierarchy. Control tasksinclude starting, stopping,
speed control, and steering.  The next level of information needs are guidance tasks which
include maneuvering the vehicle on the road in response to roadway elements, traffic,
environmental factors, and legal requirements. Navigation tasks such as direction finding,
trip planning, and route following are at the bottom of the hierarchy. Information needs
at the top of the hierarchy have the highest priority and these needs should be satisfied
before tasks lower in the hierarchy can be addressed by the driver.

Information should be presented in accordance with this hierarchy. As an example,
critical directional signing should be located in an area which does not require complex
control maneuvers. Asan example, adriver negotiating alane closure in awork zone
will focus his or her attention on slowing down and change lanes, and may miss
directional information which isnot critical to the driving task at hand.

continued
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2.0 Driver Workload Capacity (continued)

Another example of driver information overload occurs when too much information is
provided. Too many signs or too much information on an individual sign may force the
driver to ignore information due to the lack of processing time. Chapter 3, Section 3,
Segment 7.0 and Chapter 4, Section 2, Segment 3.0 provide information for the
placement and design of signs.

3.0 Speed Reductions

Sudden reductionsin vehicle speed can cause turbulence in the same manner as forced
vehicle maneuvers. During heavy volume conditions when separation between vehiclesis
small, areduction in the speed of one vehicle may propagate rearward resulting in a
speed reduction for many vehicles. The speed reduction may spread to other lanes as
well, resulting in a slowdown for the entire traffic stream.

Speed reductions can occur for numerous reasons.  The most common is the presence of a
hazard, obstruction, or congestion on the roadway. In this case, drastic speed changes
may be reduced by providing generous sight distance, if it isavailable. Other causes for
speed changes include adverse weather, isolated environmental conditions (such as water
ponding, smoke or fog blowing across the highway, and blinding reflected sunlight), and
geometric changes (such as areduction in the design speed). The design speed should be
constant over a substantial length of a given facility and the transition to alower design
speed should be gradual. The Highway Design Division Operations and Procedures
Manual contains guidelines for the selection and application of design speed in the design
of highway facilities.

4.0 Weaving

Weaving sections occur where one-way traffic streams cross by merging and diverging
maneuvers. Weaving sections impose significant impacts on highway operations. The
impact of the weaving section depends on the spacing between interchanges, the traffic
volumes of the weaving and non-weaving movements, the speed of the weaving and non-
weaving movements, and the number and type of lane changes required.

Whenever possible, weaving sections should be eliminated from the highway by
increasing the distances between access points or moving the weaving movements to
another facility such as a collector-distributor roadway. However, in situations where
weaving sections cannot be eliminated, they should be designed to reduce the operational
impacts of the weaving maneuvers as much as possible. Desirable attributes for weaving
sections are included in Chapter 2, Section 2, Segment 3.4 and Chapter 3, Section 3,
Segment 4.0. Following these principles will help to reduce the operational impacts of
weaving sections. Chapter 8 includesinformation about analyzing weaving areas.

continued
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4.0 Weaving (continued)

The factors which impact the operation of a weaving section are interrelated. For .
instance, during low volume periods, aweaving section with less than desirable geometric
characteristics may operate in an acceptable manner. However, during high volume

conditions, the same weaving section may experience congestion. The most desirable

weaving section would be one with widely spaced access points, low weaving and non-

weaving volumes, small differences in speeds between the weaving and non-weaving

traffic, and geometrics which allow weaving maneuvers to be completed with asingle

lane change.

In cases where there are large volumes of weaving traffic, operations may be improved by
redesigning the highway so that the weaving impacts arereduced. The closer the
highway interchanges or ramp terminals are spaced, the less space there is avail able for
weaving maneuvers. Desirably, the highway ramp terminals should be spaced more than
2,000 feet apart. However, this ramp spacing may not be practical in all situations.

When the desirable ramp spacing cannot be achieved, operations should be evaluated to
determine if the reduction in operationa efficiency will be tolerable. Minor reductions in
operational efficiency may be tolerated, especiadly if the frequency of occurrenceis not
high. Thelevel of service of the weaving area should be consistent with the level of
servicefor the remaining highway.

Entrance, exit, and connector ramps should be designed so that entering and exiting
speeds at the gore are the same as the through lane speeds.  Entrance ramps should be .
designed so that adequate length is provided between the upstream intersection or frontage

road and the gore point for al vehicles to reach the highway speed limit. Likewise, an

exiting vehicle should not begin decel erating until they have passed the gore point of the

exit ramp. Adeguate distance should be provided between the exit gore point and the

downstream intersection or frontage road. Weaving sections should be arranged to allow

weaving maneuvers to be made with as few lane changes as possible and so that no one

lane is overloaded with vehicles.
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OPERATIONAL ANALYSIS

An operational analysisis aset of procedures which can be used to estimate the traffic-
carrying ability of afacility over arange of defined traffic conditions.

1.0 Purpose

A principle objective of operational analysisis estimating the maximum amount of traffic
that can be accommodated by a given facility while maintaining prescribed operational
qualities. Operational analysis also provides a mechanism for estimating the quality of
traffic flow on afacility. A second objective is to insure that all components of a
highway system arein balance. Ideally, when traffic volumes reach the capacity of a
facility, all components should be equally loaded at the sametime.

2.0 Analysis Periods

Operational analysisistypically based on flow rates from a peak E-minute period. A
B-minute period is generally considered to be the shortest interval during which stable
flow exists. Longer analysis periods can be misleading if large fluctuations in traffic
occur during the peak period. Traffic counts during the peak period should generally be
taken in 15-minute intervals to identify peaking factors. Table I-I illustrates the
relationship between volumes and flow rates and the Peak Hour Factor (PHF).

Tablel-I. Volume, Flow Rate, and PHF Example

Time Vehicle Count Flow Rate
(vehicles) (vehicles per hour)
7:00-7: 14 400 1,600
7: 15-7:29 300 1,200
7:30-7:44 350 1,400
7:45-7:59 250 1,000
7:00-7:59 1,300

PHF =1 hour volume / (4 x peak 15-minute volume)
1,300/ (4 x 400)
1,300 / 1,600

=081

A common error in collecting traffic volume data is measuring volumes upstream of a
bottleneck in a highway section experiencing forced flow conditions. Forced flow
conditions exist when traffic demand exceeds capacity. The volume of vehicles
discharging from the bottleneck provides an estimate of the capacity of the bottleneck and
can be obtained by measuring the volume just downstream of the bottleneck.

continued
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2.0 Analysis Periods (continued)

Design of the typical cross section is normally based on the Design Hour Volume (DHV), .
which can be determined from the Average Daily Traffic using the K factor and the
directional distribution, D. The calculation of DHV is described in the Highway Design
Division Operations and Procedures Manual. Analysis based on a one hour volume does
not take into account peaking which may occur during that hour. Theimpact of the
peaking effect varies by location and type of facility. In places where traffic flows are
consistent throughout the day, the peaking effect is minimal. However, short term
demandsin some locations may result in a short peak of high intensity. Design of
individual roadway elements, such as auxiliary lanes (Chapter 3, Section 3, Segment 3.4)
and weaving sections (Chapter 3, Section 3, Segment 4.0), should consider the use of
flow ratesfor design.

Failure to account for peaks in demand may lead to afailure of service on afacility
during the periods of heaviest demand. The time needed to recover from afailure can be
significant. A return to normal operation will not occur until demand has dropped to a
level below the capacity of the facility and sufficient time has elapsed to remove the
backlog of vehiclesin the traffic queue.

The hourly volume can be adjusted for peaking with the use of a Peak Hour Factor

(PHF). The PHF is calculated by dividing the hourly volume by the peak flow rate.

Table I-I shows the relationship between the peak hour factor and the hourly volume. In

large urban areas, the PHF ranges between 0.95 and 1.0. Small urban areas generally .
have a PHF less than 0.95. The PHF can be used with the DHV in order to determine a

flow rate for usein an operational analysis. In this case, the flow rateis DHV / PHF.

3.0 Data Requirements

The most important datarequirement isflow. Other datathat are useful in anaysis
include: speed, vehicle classification, vehicle occupancy, lane distribution, origins and
destinations, and geometric features. There isno substitute for regular and accurate field
data collection. In particular, accurate data are needed to calibrate the analysis
procedures to a specific location prior to analysis of an unknown or future situation.

The most useful flow datais a series of consecutive B-minute volumes from which
appropriate flow rates can be determined for analysis. Another important datatypeisthe
composition of the traffic stream, especially the percentage of heavy vehiclesin the traffic
stream. However, it may also be useful to collect data on other vehicle classifications
(trailers, single unit trucks, etc.) as well.
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4.0 Operational Precision

. The human nature aspect of the traffic stream creates randomness that prevents precise
analysis of operations. A traffic engineer cannot obtain the same precision when
analyzing operations at afreeway interchange that a structural engineer can obtain when
analyzing the structural components of the same interchange. Because operational
analyses provide only an approximation of traffic flow conditions, the variability in
individual drivers and traffic conditions should be recognized and adequate allowance
should be provided in order to accommodate changes in conditions.

5.0 Basic Procedures

There are a multitude of different procedures for performing an operationa analysis of a
traffic stream. Many of these require intense data collection and input, while others are

much less complicated. Some analysis procedures are applicable to specific situations of
highway development or operation. These procedures are described in the appropriate

chapters of thismanual. Other procedures are more general or have wide application and
are described in Chapter 8.
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OVERVIEW

Design decisions made during the initial stages of project development have significant
impacts on the eventual operational quality of ahighway. Thischapter describes
operational fundamentals to be considered in the earliest phases of highway design.
Failure to address these fundamental concepts in the project development stage may result
in operational difficulties which cannot be economically corrected at alater time.

The operational concepts addressed in this chapter must be considered as part of a
balanced highway design involving factors such as operations, access, safety, cost, and
constructability. Some projects may present limitations which prevent the optimal
operational solution from being utilized. In these cases, aternative solutions must be
considered in light of those limitations.

The operational considerations described in this chapter are best utilized when applied to
the design of a new highway facility. However, many of the considerations are also
applicable to the redesign of an existing facility, athough to a more limited extent. When
an existing facility is being reconstructed, the considerations described in this chapter
should be evaluated to determine if they apply to the reconstruction project and if they
can be implemented within the limiting constraints of the project.

Many of the operational concepts considered in project development are, to some extent,
independent or neutral of specific traffic volume data.  However, traffic volume data
should be used to evaluate the efficiency of traffic operations under theinitial highway
conceptual design whenever possible.

Datawhich are useful in project development include centerline alignment of the highway
and cross streets, functional classification of the highway and cross streets, and an
approximation of traffic volume.

Texas Highway Operations Manual 2-3 TxDOT - 08/92



Chapter 2 - Operational Considerations Section 2 - Operational Considerations
in Project Development

OPERATIONAL CONSIDERATIONS

A number of basic principles should be a part of the initial evaluation of a highway’s
alignment and itsinteraction with other facilities. Desirable operations in the future rely
upon striving to adhere to these principles in the project development stage.

1.0 Route Continuity

The principle of route continuity requires that the through lanes serve the current route.
Stated another way, a driver should not have to exit or change lanes to stay on the current
route. In the process of maintaining route continuity, interchange configurations should
always favor the through movement, not necessarily the heavy movement. Heavy turning
movements may be accommodated with direct connections and auxiliary lanes.

The principle of route continuity simplifies the driving task in that it conforms to driver
expectancy and therefore reduces lane changing, simplifies signing, delineates the through
route, and reduces the driver’s need for directional signing. Route continuity is highly
interrelated with the concepts of interchange uniformity (Chapter 2, Section 2, Segment
3.1), ramp location (Chapter 2, Section 2, Segment 3.3), basic lanes (Chapter 3, Section
3, Segment 3.1), lane balance (Chapter 3, Section 3, Segment 3.2), and lane continuity
(Chapter 3, Section 3, Segment 3.3).

If a highway facility is designed so that all exits are on the right hand side (Chapter 2,
Section 2, Segment 3.3), then providing route continuity would mean that a vehicle could
remain on the designated route by staying in the inside (left) lane. Figure 2- illustrates
the application of the principle of route continuity.

2.0 Concurrent Routes

Concurrent routes, al'so known as overlapping routes, exist when two or more highway
routes occupy the same alignment within acorridor. Figure 2-2 is an example of
concurrent routes, and illustrates that a continuous route designation is not required for
concurrent routes. Concurrent routes, especially the short-distance type, should be
avoided because of the problems they cause with route continuity (Chapter 2, Section 2,
Segment 1.0), lane balance (Chapter 3, Section 3, Segment 3.2), and lane continuity
(Chapter 3, Section 3, Segment 3.3), as well as decreasing highway capacity due to
increased weaving traffic. Signing becomes more complicated and the decision process
for the driver is more demanding. Concurrent routes may seem like effective use of
roadways when traffic volumes are low. However, when traffic volumesincrease towards
the capacity of the two individual routes, the overlapping section tends to become a
bottleneck.

continued

Texas Highway Operations Manual 2-5 TxDOT - 08/92



Section 2 - Operational Considerations

Chapter 2 - Operational Considerations

in Project Development

£ymurjuo) ajnoy jo oardiourard oy3 jo uonjeorddy 71—z 2anfijg

¢ AeMUSIH U0 }j0U aJe S2WIN[OA OIJjer)
1S91AB3Y 9Y)} YInoy} USAd Sa5ueydIa]ul
[fe ySnoiyj snonurjuod ST ¢J LAemy3iyg

-—— 0002
00S¥
P

)

)
-

{

IxDOT - 08/92

2-6

Texas Highway Operations Manual



Chapter 2 - Operational Considerations
in Project Development

Section 2 - Operational Considerations

o
=i
©
=
e
|
_— ~ SH 13
o
R
©
z
Overlapping
Route
[
&
%
<

US 32

%
. %
Possible overlap even though
the FM & SH routes terminate
at US 32 if substantial volume
moves between FM 276 & SH 48
as suggested by design

Figure 2—-2. Concurrent Routes

Texas Highway Operations Manual 2-7

IxDOT - 08/92



Chapter 2 - Operational Considerations Section 2 - Operational Considerations
in Project Development

2.0 Concurrent Routes (continued) .

If it is necessary for two routes to occupy the same alignment, then the ideal operational
solution would be to design the two routes as separate highways in a single right-of-way.
Thisdternative isillustrated in Figure 2-3a. In this case two distinct freeways maintain
separate parallel alignments and connector ramps provide for movement between the two
facilities. If theideal solution isnot practical, then an aternative solution would be to
minimize the level of lane changing required between the two routes asillustrated in
Figure 2-3b. Both of the examplesin Figure 2-3 are appropriate for situations where the
majority of the traffic remainson asingleroute. The example in Figure 2-3b may
operate more efficiently when traffic patterns are such that a significant portion of the
traffic moves between the two routes.  When there are significant volumes of traffic
moving between the two routes, it may be appropriate to evaluate other highway
alignments for the most efficient operations. The operational requirements can then be
balanced with the other design requirements of the project.

3.0 Interchanges

An interchange is a system of interconnecting roadways in conjunction with one or more
grade separations that provides for the movement of traffic between two or more
roadways or highways. The basic function of aninterchangeisto separate conflicting
through traffic lanesin order to accommodate high volumes of traffic safely and
efficiently. Freeway interchanges include connections with another freeway or highway,
and also connections between the freeway and frontage road, athough connections with
frontage roads are commonly known as ramps. Therefore, al accessto afreeway is
through interchanges. Interchangesare acritical operational element asthey definethe
|ocations where vehicles must maneuver within the traffic stream. These maneuvers
create turbulence which reduces the operational efficiency of the highway and are also a
potential source of driver error. Therefore, desirable interchange operations require the
consideration of several basic operational elements early in the project devel opment stage.
These elements are discussed in the following subsections. Other elements which should
be considered in the preliminary design stage are described in Chapter 3, Section 3,
Segments 5.0 and 6.0.
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* This connection is desirable to
eliminate left-hand exit from
IH 1 and to reduce weaving volume

B --Preferred Design for Route Continuity in
Concurrent Routes

. Figure 2-3. Design Alternatives for Concurrent Routes
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3.1 Uniformity

Interchange uniformity or consistency requires that all interchanges along aroute have
similar appearance and operations characteristics. Desirably, al exits should be on the
right side of the highway in advance of the cross street. Interchanges should utilize
consistent design and operational characteristics such as design speed, number of exit
lanes, and geometric design.

Interchange uniformity isvital in meeting driver expectation and can be achieved by
giving consideration to interchanges as a system, as well asindividually. Because
interchanges are closely spaced in urban areas, shorter distances are available in which to
inform drivers of the course to be followed in leaving the freeway or the side from which
to expect merging traffic. Dissimilar arrangements of entrances and exits cause confusion
resulting in slowing down on high-speed |anes and unexpected maneuvers. To the extent
practicable, al interchanges along afreeway should be reasonably uniform in geometric
layout and genera appearance.

3.2 Spacing

Generally, urban interchanges are so closely spaced that each interchange may be
influenced directly by the preceding or following interchange. As aresult, spacing of
interchanges has a pronounced effect on the operation of freeways. A generalized rule-of-
thumb for interchange spacing is a minimum of 1 mile separation between urban
interchanges and 2 miles between rural interchanges.

The vehicle interactions at an interchange extend both upstream and downstream of the
interchange. Therefore, interchanges less than one mile apart in urban areas will be
influenced by the upstream and/or downstream interchanges. Chapter 2, Section 3,
Segment 3.5 describes the areas of influence for entrance and exit ramps.

In areas of concentrated urban development, proper spacing usually is difficult to attain
because of traffic demand for frequent access. Interchange spacing of lessthan 1 mile
may be developed by grade-separated ramp pairs or by adding collector-distributor roads.
However, these arrangements should be considered only under unusual circumstances
such as existing arterials at close spacing.
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3.3 Ramp Location

It is desirable to have all entrance and exit ramps on the right side of the through lanes
dueto the difficulty of |eft-entrance vehicles merging with high-speed through traffic and
the requisite lane changing. Left-hand ramps reduce capacity, increase signing
requirements, and increase vehicle conflicts. In some cases however, |eft hand entrance
or exits ramps may be necessary due to project limitations. When left hand ramps are
necessary, drivers must be adequately warned in order to change driver expectancy
(Chapter 1, Section 6, Segment 1.0). Other accommodations which may be utilized
include increasing sight distance, utilizing a higher design speed on the connections, or
increasing spacing between access points.

Factors which influence the location of ramps in the vicinity of a cross street include sight
distance, construction and right-of-way costs, circuity of travel for left-turn movements,
frontage road or cross street gradient at ramp intersections, storage requirements for |eft-
turn movements at the cross street, and the proximity of other local road intersections

3.4 Weaving

Weaving sections are one-way highway segments where the traffic patterns at access
points cause vehicle paths to cross one another.  Weaving sections have adetrimental
effect on operational quality, and therefore, interchange designs that reduce weaving or
remove it from the main facility are desirable. The simple weave consist of a single
entrance followed by a single exit and has only two crossing traffic streams.  The multiple
weave consists of two or more overlapping weaving sections and has more than two
crossing traffic streams.  Multiple weaving sections typically consists of two closely
spaced entrances followed by asingle exit or a single entrance followed by two closely
spaced exits.

Weaving maneuvers may not be addressed in detail in the project devel opment stage.
However, the detrimental impacts of weaving can be reduced by adhering to the principles
of interchange spacing (Chapter 2, Section 3, Segment 3.2) and ramp location (Chapter 2,
Section 2, Segment 3.3). Interchange spacings of 1 mile or greater will generally allow
vehiclesto find an acceptable gap and change lanes without having to reduce speed or
forceamerge. Placing all access on the right side eliminates the need to maneuver

across al lanesin order to complete the desired maneuver.

Weaving maneuvers are discussed in Chapter 3, Section 3, Segment 4.0 and weaving
analysisis described in Chapter 8.
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3.5 Merging/Diverging

Traffic flow turbulence at interchangesis partly aresult of the maneuvers made to enter
or exit the highway facility, also known as merging or diverging. At the project
development stage, merge/diverge operational considerations will be satisfactorily
addressed if the other operational fundamentals are given sufficient consideration. These
fundamentals include interchange uniformity, spacing, ramp location, and weaving.

A major concern of merging/diverging maneuvers at rampsis the area of influence of
those maneuvers. Figure 2-4 indicates the size of the areas of influence identified in the
1985 Highway Capacity Manual for entrance and exit ramps. Figure 2-5 illustrates the
interchange spacing which results with abutting areas of influence for an entrance and exit
ramp. When multiple entrances or exits are spaced within the areas of influence, multiple
weaving sections may result.

3.6 Design Considerations for Interchanges

Table 2-1 isachecklist of interchange items to consider in the project development stage.
Parameters such as cost, environment, community values, traffic volumes, map
relatability, and safety should all be considered in addition to the design considerations
listed in Table 2- 1.

Table 2-I. Interchange Design Considerationsin Project Development

+ Route continuity

+ Uniformity of entrance and exit patterns

+ Single exits in advance of the separation structure
+ Degree of weaving

+ Potential for signing

+ Potential for staged construction

+ Compatibility with the environment

4.0 Sight Distance

Proper sight distance is an important part of any highway design. Sight distance aso has
an impact on highway operations. There are three types of sight distance which need to
be considered: stopping sight distance, passing sight distance, and decision sight distance.
Sight distances are impacted by the ability of driversto see and respond to astimulusin
the environment. Chapter 1, Section 5, Segment 1.0 describes some of the driver
characteristics which impact sight distances.
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4.1 Stopping Sight Distance

The stopping sight distance is the distance required for a driver to see an object, identify
the object, decide to stop the vehicle, step on the brake pedal, and for the vehicle to come
toastop. Stopping sight distance is an important element of geometric design and its
application is described in the Highway Design Division Operations and Procedures
Manual. The stopping sight distance can also impact highway operations. Asthe
stopping sight distance approaches the minimum design values, drivers may tend to drive
more conservatively, reducing the operational efficiency of the highway.

4.2 Passing Sight Distance

The passing distance is the distance required to safely perform a passing maneuver. It
applies only to two-lane highways. Passing sight distance is also an important element of
geometric design and its application is described in the Highway Design Division
Operations and Procedures Manual. Highway operations generally improve as the
availability of passing opportunities increases. Passing opportunities can be increased by
increasing the availability of passing sight distance or by providing multilane highway
sections at appropriate distances.

4.3 Decision Sight Distance

At some locations, stopping sight distance may not provide adequate time for driversto
make complex driving decisions and perform the appropriate traffic maneuver. At these
locations, sight distance greater than stopping sight distance will provide drivers more
time for decisions and avoid last minute maneuvers. Thislonger distanceis known as
decision sight distance. Decision sight distance should be considered in the very early
design phase.

Decision sight distance is the distance at which adriver can detect adecision point in an
environment of visual clutter, recognize its threat potential, select an appropriate speed
and path, and perform the required action safely and efficiently. Its values are
substantially greater than stopping sight distance. Decision sight distanceis based on a
3.5-foot eye height and 0.5-foot object height. The decision sight distances in Table 2-2
provide values to be used by designers for sight distances at appropriate locations.
Decision sight distance should be considered at freeway entrances and exits, freeway-to-
freeway connectors, lane drops, roadside rest stops, inspection stations, and rural
intersections.

If decision sight distance cannot be provided, special attention should be given to the use
of suitable signing for providing advance warning of the conditions that are likely to be
encountered. Guide signing is generally used for this purpose to position vehiclesin the
proper location for the desired maneuver.

continued

Texas Highway Operations Manual 2-15 TxDOT - 08/92



Chapter 2 - Operational Considerations Section 2 - Operational Considerations
in Project Development

4.3 Decision Sight Distance (continued)

Table 2-2. Decision Sight Distance

Design Speed Decision Sight Distance
(mph) (fed)
50 1,025
60 1,275
70 1,450

5.0 Control of Access

Control of accessisthe condition where the rights of abutting owners to highway access
are fully or partialy controlled. Full control of access gives preference to through traffic
by providing access connections only with selected roads (typically frontage roads) and by
prohibiting crossings at grade and direct private driveway connections. Freeways have
full control of access. Partia control of access meansthat preference is given to through
traffic to adegree that, in addition to access connections with selected public roads, there
may be some crossings at grade and limited private driveway connections.

The principal operationa or functional difference between a highway with access control
and one without isin the degree of interference with through traffic by vehicles and
pedestrians entering, leaving, and crossing the highway. When access is controlled, the
capacity of the highway is maintained at a high level and the accident hazard is kept low,
regardless of the type and intensity of development of the roadside areas.

The principle of full control of accessisinvaluable as a means for preserving the capacity
of arterial highways and of minimizing accident hazards, but the principle does not have
universal application. Highways without control of access are essentia asland service
facilities and the design features of these highways need to be carefully planned such that
they will reduce conflicts and minimize the interference between vehicles to the maximum
extent possible and still meet the needs of the highway users. Examples are the addition
of right turn lanes and left turn lanes at major intersections.

Highway access should be provided only after careful consideration of current and future
highway operations. Once provided, access is very difficult to eliminate or reduce.
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6.0 Frontage Roads

Frontage roads serve numerous functions, including controlling access to the freeway,
serving adjoining property, and maintaining circulation of traffic on each side of the
freeway. Their primary purpose with freeways is to collect and distribute traffic between
local streets and the freeway interchanges.

The operational considerations related to frontage roads in project development include
the long range use in urban or rural environment, the type of operation (one-way or two-
way), the use of frontage roads as an alternative route for the freeway, the size of the
outer separation and its effect on freeway access, the continuity of the frontage road, the
type of frontage road intersections, the circuity of travel on the frontage road, and
frontage road traffic control. Generally, Frontage roads should be continuous, even
through major freeway-to-freeway interchanges. Frontage roads should be one-way in
urban areas. If ahighway is projected to be within an urban area during its design life,
then consideration should be given to the frequency of grade crossings to facilitate one-
way operations.

7.0 Alternative Routes

In urban areas, considerations should be given to potential aternative routes or travel
paths for highway users. These alternative routeswill be used when highway demand
exceeds capacity, such as periods of peak demand, or in cases of temporarily reduced
capacity, such as construction or incidents. Continuous frontage roads are one potential
alternative route for freeways, especially during incidents.

8.0 High-Occupancy Vehicles

High-occupancy vehicle (HOV) lanes have become an important part of the overall
transportation system. The effective implementation of HOV lanes requires consideration
at the earliest stages of project development.

Although an HOV lane may not be a part of theinitial operation of the highway facility,
long range consideration should be given to the future implementation of HOV
alternatives. Factors such as design of freeway, location of sign supports and luminaries,
bridge columns in median, location of HOV lane, the types of access to be provided, and
interface with other HOV facilities need to be considered and provided for during the
project development stage. The Revised Manual for Planning, Designing, and Operating
Transitway Facilities in Texas and the American Association of State Highway and
Transportation Officials Guide for the Design of High-Occupancy Vehicle Facilities
address the various considerations related to HOV lanes in the project devel opment stage.
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9.0 System Management ‘

In urban areas, a highway facility can no longer be planned without giving consideration
to the manner in which the highway interacts with other components of the urban
transportation system. Such factors as relationships between system parts, future system
control and management, and alternative transportation modes should be evaluated. Most
of these factors are addressed in detail in Part 111 of this Manual,

10.0 Lighting

The lighting of an urban highway serves the principle function of improving driver
visibility so that drivers can satisfactorily view the roadway, its appurtenances, and other
traffic. The objectives of fixed lighting are to supplement vehicle headlights, improve
visibility of roadway features, delineate the roadway, provide visihbility of the
environment, and reduce apprehension of those using the roadway.

Lighting systemsfor freeways are divided into two different types: continuous lighting
and interchange lighting. Within each type, there are several different system
configurations, dependent upon the characteristics of the facility to be lighted.
Continuous lighting can take the form of median lighting, side-mounted lighting, high
mast lighting, and unidirectiona lighting. Interchange lighting useslimited applications
of the above-listed forms.

During the project devel opment stage, the general type and location of lighting should be
determined so that the relationship between design, operations, and lighting is determined
early. Asan example, adecision to provide for future implementation of a median high-
occupancy vehicle lane may preclude the use of median lighting. Also, installing high
mast lighting before a major reconstruction project may help motorists identify and
delineate the construction zone. Consideration should also be given to the maintenance
requirements of the lighting system and the impact of the maintenance activities on
highway operations.
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OPERATIONAL ANALYSIS

Operational decisions made in the project development stage are based on general
principles, independent of traffic volume. Therefore, there are no analysis procedures for
these decisions. The checklist in Table 2-3 summarizes the basic operational principles
which should be accommodated in the project development stage.

Table 2-3. Checklist of Operational Considerations
for Project Development

+ Route Continuity - Vehicles must exit to leave current route.

+ Concurrent Routes - Routes or major traffic movements should not overlap within
the same alignment.

+ Interchange Uniformity - All interchanges should have similar appearance and
operational characteristics.

+ Inter change Spacing - Minimum spacing should be 1 mile between urban
interchanges and 2 miles between rural interchanges.

+ Interchange Ramps - Entrance and exit ramps should be located on the right hand
side whenever possible.

+ Interchange Maneuvering - Weaving should be eliminated or reduced as much as
possible.

+ Frontage Roads - Frontage roads should be continuous and one-way in urban areas.

+ Alternative Routes - Alternative route(s) should be available for traffic detours due to
congestion or construction.

+ High-Occupancy Vehicle Lanes (HOV) - Future location of HOV lanes should be
anticipated,

+ System Management - Highway design should be considered in context of overall
transportation system.

+ Lighting - Type and location should be compatible with usage.
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OVERVIEW

The preliminary design stageis distinguished by quantifying individual design features
such as the number of lanes, horizontal and vertical alignment, placement of auxiliary
lanes, and others. Operational analyses are used in this stage to evaluate the effectiveness
of the geometric design under avariety of traffic conditions. The results of the analyses
may lead to modifications of the geometric design in order to provide improved
operations or to balance the operational needs with other design needs such as access,
safety, cost, or constructability. The final product of the preliminary design stage is the
preliminary design drawings showing the critical design elementsin sufficient detail to
begin thefinal design stage.

Many of the considerations addressed in this chapter can be best utilized when applied in
the preliminary design of a new facility. When an existing facility is being reconstructed,
project limitations may reduce the applicability of some of the operational considerations
described in this chapter. In these cases, the operational considerations should be
evaluated to determine the extent to which they can be utilized to improve the operational
efficiency of the reconstructed facility within the limitations established by other design
needs such as access, safety, cost, and constructability.
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DATA NEEDS

1.0 Traffic Volume

Average Daily Traffic (ADT) and Design Hour Volume (DHV) are generally used to size
new facilities. However, if amore detailed analysis is required for reconstruction, or
unusually complex geometrics are involved, 15-minute flow rates are often used in an
operational analysis. These flow rates represent the equivalent hourly traffic volume
passing a point during a given period of time, typicaly a peak 15-minute interval. A 15-
minute period is used because it represents the shortest period during which stable flow
typicaly exists. Chapter 1, Section 7, Segment 2.0 describes the procedure used to
determine a peak hour flow rate from an hourly volume.

2.0 Other Traffic Data

Other traffic data are also useful in the preliminary design stage, including vehicle
classifications, vehicle occupancies, and operating speed. Vehicle classifications include
the number and types of heavy vehiclesin the traffic stream. Vehicle occupancy
classifies the traffic stream by the average number of people per vehicle and is useful
when evaluating high-occupancy vehicle operations. Operating speed describes the
movement of thetraffic stream. Chapter 8 addresses each of these data types in greater
detail.

3.0 Highway Drawings

At this stage of the project, large scale drawings of the highway can be very helpful in
evaluating the basic operational principles of horizontal alignment. An appropriate scale
would be 1" = 100" or 1" =200' Once the operational principles related to horizontal
alignment have been satisfied, the drawings can be refined into preliminary design
drawings which include the vertical alignment and other details.
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OPERATIONAL CONSIDERATIONS FOR GEOMETRIC DESIGN

The preliminary design stage is primarily an exercise in selecting the geometric design
features appropriate to the highway facility. However, there are several operational
principles which should be considered when sel ecting the geometric features.

1.0 Design Speed

The design speed influences most of the geometric features of aroadway. Sudden
reductions in design speed introduce the element of surprise to the driver and should be
avoided. Therefore, it is crucial that the design speed be selected so that al elements of a
facility provide consistent operations. The Highway Design Division Operations and
Procedures Manual discusses the selection and application of design speed.

Where project limitations cannot be overcome and it becomes necessary to use alower
design speed on a horizontal or vertical curve, it is desirable to have less than a 10 mph
change in design speed between successive curves, if possible. If the change in design
speed is greater than 10 mph, then the motorists should be given appropriate warning of
the condition. Introduction of a curve for a design speed lower than that of the project
should be avoided at the end of along tangent, a steep downgrade, or at other locations
where high approach speeds may be anticipated, unless appropriate warning is given to
the motorists.

Selection of low ramp design speeds may affect future operations by restricting the
capacity of the ramp and impacting operations on the main lanes.

2.0 Volume-Capacity Relationships

Traditionally, the number of lanes has been determined primarily through capacity
analyses based on the Design Hour Volume. This procedure is essential, but it should not
be considered as the only criterion for establishing the number of lanes. There are other

concerns just as important as the capacity per lane, including the arrangement of the
lanes.

The number and arrangement of lanes should be established to avoid bottlenecks, to
absorb fluctuations in traffic during the various peaks, and to provide a balanced facility.
Providing operationa flexibility in this manner may incur added cost due to the additional
lanes needed, but the benefits can be significant in avoiding operational breakdowns and
increasing the useful life of the highway.

continued
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2.0 Volume-Capacity Relationships (continued) ‘

Theratio of Design Hour Volume (DHV) to design capacity provides agenera indication
of the number of lanesrequired. Generally, avalue of 1,500 vehicles per hour per lane
should provide adequate capacity for through traffic in level terrain. This ratio should be
determined for several separate highway elements, as shown in Figure 3-1. Basic
freeway section flow capacity, ramp capacity at entrances and exits, and weaving capacity
should all be evaluated to determine the number of lanes needed in a specific segment of
highway. Segment 3.1 below and Chapter 8 describes more detailed procedures which
can be used to perform operational evaluationsif the above rule-of-thumb suggest
potential operational problems or if other factors necessitate a more detailed evaluation.

3.0 Lane Considerations

The arrangement of highway lanes should be predicated on lane balance, basic number of
lanes, and lane continuity. The need for auxiliary lanes can be determined from the
arrangement of lanes and the need for additional capacity. When the number and
arrangement of lanes have been determined, the manner in which lanes will be added or
dropped can be determined along with the width of the lanes and shoulders.

3.1 Basic Lanes

which are maintained over asignificant length of highway. The number of basic lanesis
predicated on the genera volume level of traffic over asubstantial length of the facility.
The number of basic lanes remains the same for this length, regardless of predicted
changesin traffic volume at individual interchanges and requirements for lane balance.
Figure 3-2 illustrates the use of the basic number of |anes.

The basic lanes concept refers to a constant number of lanes, exclusive of auxiliary lanes, .

The number of basic lanes may be determined from the procedures described in Segment
2.0 above or by using the procedures contained in the 198.5 Highway Capacity Manual.
The number of basic lanes should be based on peak 15-minute flow rates or the DHV
(Chapter 1, Section 7, Segment 2.0). A rule of thumb for approximating the number of
lanes needed to provide adequate capacity is to divide the DHV by 1,500. This rule of
thumb applies to through traffic on level terrain when trucks make up less than 5 percent
of the traffic.

continued .
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Figure 3-2. Basic Lanes Concept .
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3.1 Basic Lanes (continued)

Localized variationsin predicted traffic volume are ignored when determining the number
of basic lanes. Therefore, sections with volumes below the basic level would theoretically
have reserve capacity, and volumes on sections somewhat above the basic level would be
compensated for by the addition of auxiliary lanesintroduced within these sections
(Chapter 3, Section 3, Segment 3.4). Again, if the increase or decrease in volume occurs
over asubstantial length, the number of basic lanes should be increased or decreased.
The number of basic lanes should not be changed through alocal interchange simply
because there is a substantial volume of traffic leaving and/or entering at the interchange.
At afreeway-to-freeway interchange with more than 50 percent turning traffic, the
number of basic lanes may be reduced by one. If one basic lane is dropped, structure
clearance beyond the freeway-to-freeway connection should be adequate to accommodate
future construction of the dropped lane.

3.2 Lane Balance

Smooth operation at an interchange is dependent on satisfying lane balance requirements.
L ane balance principles define the rel ationship between the number of lanes approaching a
merge/diverge point and the number of lanes |eaving the same point.

Thefollowing principles should be followed to insure lane balance at interchanges:

1. Entrances - The number of lanes beyond the merge point should be equal to the sum
of approach main lanes and entrance ramp lanes, or the sum of approach main lanes
and entrance ramp lanesminusone. This principle of lane balance at entrancesis
illustrated in Figure 3-3.

2. Exits - The number of main lanes before the exit point must be equal to the sum of the
departing main lanes and the number of exit ramp lanes minusone. Thisprincipleis
illustrated in Figure 3-4.

3. The traveled way of the highway should be reduced by not more than one traffic lane
at atime.

There is adefinite relationship between capacity and lane balance at ramp entrances and
exits. Capacity anaysis determines the number of basic lanes (Chapter 3, Section 3,
Segment 3.1) and the number of ramp lanes.  Once these values are determined, the lane
balance principles are used to determine the need for auxiliary lanes (Chapter 3, Section
3, Segment 3.4) and insure operational efficiency and flexibility. Three standard
situations for entrance and exit ramps are illustrated in Figures 3-3 and 3-4, respectively.
The determination of which arrangement to use should be based on the volume of ramp
traffic and the volume of traffic in the outside lane of the freeway.

continued
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A — Single-Lane Entrance
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B — Single-Lane Entrance with Auxiliary Lane
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2
C — 2-lane Entrance with 2 Auxiliary Lanes
D =U + En Where: U = upstream of entrance ramp
or D = downstream of exit ramp
D=U+ZEn -1 En =

entrance ramp

Figure 3-3. Lane Balance

at Entrance Ramps
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A — Single-Lane Exit
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B — 2-Lane Exit with Auxiliary Lane
U=D+ Ex - 1
Where: U = upstream of exit ramp
D = downstream of exit ramp
Ex = exit ramp
Figure 3—-4. Lane Balance at Exit Ramps
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3.2 Lane Balance (continued) ‘

The lane balance and basic lanes concepts must be applied in coordination with one
another. The basic number of lanes should be maintained through the interchange and
auxiliary lanes (Chapter 3, Section 3, Segment 3.4) may be added to the basic lanesto
achieve lane balance. Figure 3-5 illustrates the coordination of lane balance and basic
lanes.

3.3 Lane Continuity

Driversin through traffic lanes expect to be able to maintain their relative position
without changing lanes. The principle of lane continuity providesthat the basic lanes are
continuous. Lane continuity provides that avehiclein abasic lane will not have to
change lanes to remain in the same basic |ane relative to the other basic lanes. Figure 3-6
illustrates the examples of proper and improper application of lane continuity. In Figure
3-6a, there is a minimum of three lanes in the cross section at al points, but only one
lane is continuous through the interchange. Asaresult of the discontinuity, the three
lanes are not basic lanes. In Figure 3-6b, there is also a minimum of three lanesin the
cross section at all points, but the three basic lanes are continuous through the
interchange. Failure to maintain lane continuity results in lane shifting which reduces
capacity. It is also contrary to driver expectancy.

3.4 Auxiliary Lanes ‘

An auxiliary lane(s) is one or more lanes added to a highway to accommodate various
operational demands supplementary to through traffic movement. An auxiliary lane may
be provided to comply with the lane balance concept, to provide additional capacity
beyond the basic lanes, to comply with capacity requirementsin the case of adverse
grades, or to accommodate speed changes, weaving, and maneuvering of entering and
leaving traffic.

Aucxiliary lanes are used to balance the traffic load and maintain a more uniform level of
serviceonthehighway. Such lanes facilitate the positioning of drivers at exits and
bringing them onto the highway at entrances. Thus, the concept is very much related to
signing (Chapter 3, Section 3, Segment 7.0) and route continuity (Chapter 2, Section 2,
Segment 1.0). Careful attention should be given to the design treatment of an auxiliary
lane because it may have the potential for trapping adriver at its termination point or the
point where it is continued onto aramp or turning roadway (Chapter 3, Section 3,
Segment 3.5). Several different procedures for adding or dropping auxiliary lanes are
illustrated in Figure 3-7.

continued ‘
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Figure 3-5. Coordination of Lane Balance and Basic Lanes
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B — Auxiliary Lane Dropped at Single Lane Exit at
Closely Spaced Interchanges
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D - Auxiliary Lane Dropped Within an Interchange
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X =T T
Desirable Desirable

2,000-3,000’ 2,000-3,000"
E - Auxiliary Lane Dropped Beyond an Interchange

‘ Figure 3-7. Alternatives for Dropping Auxiliary Lanes
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3.4 Auxiliary Lanes (continued) .

Desirably, ramp terminals are spaced 2,500 to 3,000 feet apart. Occasionally, closer
spacings may be necessary. In these situations, the operationa efficiency may be
improved by using a continuous auxiliary lane between the entrance and exit terminals. A
more expensive dternative for high-volume locations is to provide a grade separation
between the two ramps. Grade separated ramps should be considered when the volume
on the auxiliary lane exceeds 1,500 vehicles per hour per lane. Theimpact of grade
separated ramps on future widening should be considered.

3.5 Lane Additions and Reductions

The number of lanes on afacility may change as the result of an increase or decreasein
basic lanes or auxiliary lanes. Lane additions are generally made at on-ramps. Parallel
ramps (Chapter 1, Section 6, Segment 1.3) are preferred at lane additions. Lane drops
should generally be made 2,000 to 3,000 feet beyond an interchange to alow for adequate
signing. The lane reduction taper should be visible for 1,000 to 1,500 feet (Decision
Sight Distance, Chapter 2, Section 2, Segment 4.3) to allow the motorist the opportunity
to avoid aforced lane change. The change in the number of lanes should take place on a
tangent section and prior to acrest vertical curve to provide adequate sight distance. For
the same reasons that right-hand ramps are preferred (Chapter 2, Section 2, Segment 3. 1),
merges should be avoided on the left hand side.

3.6 Laneand Shoulder Widths .

Generally, lane width is 12 feet and shoulder width is 10 feet. In some cases, such as
reconstruction or retrofit, it may be necessary to reduce lane and shoulder widths.
Aucxiliary lanes should be the same width as basic |anes.

Experience has shown that lane widths of 11 feet will result in operations which may be
less than optimal for a particular lane, but which may be a marked improvement for the
total facility if capacity can be increased by adding a lane as aresult of narrowing the
other lanes or shoulders. The use of narrow lanes should be considered when other
aternatives are not feasible. The use of narrow lanes should be based on an operational
analysisindicating that overall operations are improved. Future lane additions should be
considered when determining the initial lane and shoulder widths, in order to provide the
greatest flexibility for reallocating available pavement.

Figure 3-8 illustrates how the inside shoulder and narrow lanes can be used to add an
additiona travel lane in each direction. This type of treatment would typically be used
for area congestion relief by the addition of an auxiliary lane.

continued ‘
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‘ Figure 3-8. Cross Section Flexibility
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3.6 Lane and Shoulder Widths (continued)

Several principles can be used to select a cross section for reconstruction when full widths
can not be achieved. First, aright shoulder (lo-foot) should be provided. A left
shoulder can be reduced to 2 to 4-feet in width. Shoulder widths greater than 4 feet and
less than 8 feet are not preferred next to barriers because they encourage use where the
space isinsufficient for most vehicles. Lane widths can be reduced to 11 feet if needed
and can be justified based on operational improvements that could not be obtained using
full widths dueto right of way or environmental limitations.

The drainage of the shoulder is another factor which should be considered. The type of
drainage initially provided for the shoulder may impact the ability to use some or part of
the shoulder asatravel lane a alater date. Not only should the drainage include
consideration of the future use of the shoulder as atravel lane, but it should also consider
temporary use of the shoulder to route traffic around an incident or maintenance
activities.

3.7 Optional Lanes

Optional lanes permit adriver to choose between two alternative paths without merging
into another lane. Figure 3-9 illustrates several different uses of optional lanes. Optional
lanes are particularly useful at mgor forks (Chapter 3, Section 3, Segment 6.2) because
of their inherent flexibility to handle fluctuations in traffic volumes between the possible
vehicle paths.

4.0 Weaving

Weaving maneuvers create turbulence in the traffic stream that causes a detrimental
impact on operations. The amount of turbulence created by weaving is afunction of
ramp separation, lane arrangements, and traffic volumes. Figure 3-10 shows several
different types of weaving sections, in order to illustrate some of the considerations
related to weaving movements.

Thereisno ideal lane arrangement for weaving maneuvers. The design of aweaving area
requires balancing the weaving needs with the limitations of the project. The following
discussion of theillustrations in Figure 3-10 point out some of the operational impacts of
various weaving arrangements. The highway designer should evaluate these impacts and
use the most appropriate design, considering the traffic volumes of weaving and non-
weaving traffic, the spacing between access points, the cross section, and the project
l[imitations. Chapter 8 contains detailed analysis procedures for weaving sections.

continued
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B - Dual-Purpose Weaving Section
Serves Weaving and Non-Weaving Traffic
Typical Major Freeway Weaving Section

C — Weaving Improved with Auxiliary Lane

Figure 3-10. Typical Weaving Sections ‘
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4.0 Weaving (continued)

Figures 3-10a, b, and ¢ show weaving sections where both weaving movements are
required to change lanes at least once. These arrangements may encounter operational
difficultiesunder high volumesif acceptable gapsarelimited. The weaving configuration
in Figure 3-10a require the non-weaving traffic to share the same lanes as the weaving
traffic. This reduces the capacity for the weaving traffic. In Figure 3-10b, the non-
weaving movements have the option to stay out of the lanes where weaving istaking
place. The weaving section of Figure 3-10b is normally preferable to that in Figure 3-
10g, if thereisroom for the additional lanes. The weaving section in Figure 3-10c is
created by adding an auxiliary lane between an entrance and an exit ramp. Inthis case,
creating aweaving section by adding the auxiliary lane may be preferable to not having a
weaving section. In situations with ahigh exiting volume, a 2-lane exit ramp may be
used.

5.0 Interchange Types

There are several geometric patterns of ramps for turning movements at interchanges.
Their application at a particular site is determined by the number of intersection legs, the
expected volumes of through and turning movements, topography, design controls, proper
signing, and policy. The selection of a particular interchange design is a so affected by
how that interchange relates to other interchanges in the system and across the state.
Signing and operations are major considerationsin the design of interchanges. Each
design should be tested 1o determineiif it can be signed to provide a smooth flow of
traffic. The need to simplify interchange design from the standpoint of signing and driver
understanding can not be overstated.

Fully directiona interchanges, 3-level diamond interchanges, and diamond interchanges
are the most widely used interchangesin Texas. Cloverleaf interchanges are found on
some of the earlier highways in the state, but are not normally used in new construction,
Each of these interchange types and the operational concerns of each type are briefly
discussed and illustrated in the following subsections.

5.1 Directional Interchange

| nterchanges which provide a direct connection for the major turning movements are
termed directional interchanges. When direct connections are provided for al turns, the
interchangeisafully directional one. Fully directional interchanges provide the highest
level of service. Figure 3-11illustrates severa different types of directional interchanges.
The through lanes of adirectiona interchange should be located on the lower two levels.
This reduces the operational costs of the interchange by eliminating the need for large
volumes of through vehicles to accelerate a steep grade.

continued
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5.1 Directional Interchange (continued)

Directional interchanges may utilize asingle-exit or atwo-exit design. The single-exit
design illustrated in Figure 3-lla has several operational advantages. It is more
consistent with driver expectancy, provides a single exit in advance of the separation
structure, reduces weaving in the traffic stream, and simplifies providing interchange
uniformity. A difficulty with the single-exit interchange design occurs under high-volume
and high-speed conditions, at the fork following the single-exit from the freeway if the
distance between the exit and fork is not adequate. There may also be some confusion at
the second decision point, resulting in less than optimal operations. Signing may also be
difficult to provide at the fork if minimum distances are used between diverge points.

Some designers prefer two exits on each approach of some directional interchanges with
high-volume turning movements. Care should be exercised in these cases to insure that
lane balance, weaving and signing requirements are properly satisfied. Signing is more
difficult if both exits are served from the same lane. Signing may also be confusing
because the left turn exit precedes the right turn exit, which is the reverse of typical
driver expectation.

Generally, the provision of single exitsis more costly because of the added roadway,
longer bridges, and in some cases, additional separation structures. Also, many of the
benefits produced by the use of single exits are of such nature that their value will not
show in a benefit-cost analysis.

Figures 3-llb, 3-lic, 3-lld, and 3-lle illustrate three-leg directional interchanges. The
three-leg interchange in Figure 3-1 |b is preferred to the loop ramp interchange shown in
Figure 3-1 Ic due to the lower speeds and limited capacity associated with loop ramps.
The difference between Figures 3-1 1dand 3-1 le isthe primary route. In Figure 3-I 1d,
the primary route curves to the right and minor route traffic must exit in order to continue
straight ahead. In Figure 3-lle, the primary route continues along the tangent and the
minor route must exit. The primary route should be determined on the basis of route
continuity, not traffic volume.

5.2 Three-Level Diaxnond Interchange

Thethree-level diamond interchange may be used when two high volume roadways cross.
Both routes should have a high volume of through traffic. This configuration provides
uninterrupted through movement, but turning movements must maneuver through a series
of intersections, which may be signalized or controlled with STOP or YIELD signs. A
three-level diamond interchangeisillustrated intheHighway Design Division Operations
and Procedures Manual. This configuration may be used as an interim measure prior to
the construction of afully directional interchange if adequate right-of-way is available for
future direct connections.
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5.3 Diamond Interchange .

The diamond interchange is the most common type of interchange found on a controlled
access highway, and is especialy prevalent in urban areas. The conventional diamond
interchange derives its name from the shape of the access ramps, although the ramps may
also take the form of areverse diamond or X, where frontage roads exist. Figure 3-12
illustrates several different forms of diamond interchanges.

The conventional diamond form shown in Figures 3-12aand 3-12b isthe most common
application. The conventional diamond form has the advantages of having the exit ramp
located near the cross street and the entrance ramp located to allow vehicles from the
cross street quick access to the freeway. Its disadvantages include the possibility of
exiting vehicles backing up onto the freeway when long queues form on the ramp or
frontage road, and the requirement that most vehicles must go through the intersection to
gain access to most frontage road property.

The reverse diamond or X interchange pattern shown in Figure 3-12c¢ has application to
locations with significant development on the frontage road. Its advantages are that
accessis provided to much of the property between interchanges and queues will not
typically back onto the freeway. Itsdisadvantages are that entering vehicles may haveto
accelerate on an upgrade, exiting maneuvers occur just beyond a crest vertical curve
where weaving will also take place, and queues at the interchange may block access to the
entrance ramp. Another disadvantage of the X interchange pattern is that it encourages .
frontage road traffic to bypass the frontage road traffic signal and weave with the freeway
traffic. This may disrupt the through traffic and under utilize the frontage road between
the entrance and exit ramps. This disadvantage becomes a concern when interchanges are
closely spaced.

The diamond interchange illustrated in Figure 3-12d has superior operational
characteristics with signalized intersections due to the greater separation between
intersections. However, the additional right-of-way needed for thisinterchange may limit
its use.

The diamond interchangesillustrated in Figures 3-12e and 3-12f are appropriate for use
with one-way arterial streets.

5.4 Signalized Diamond Interchanges

Signalized diamond interchanges provide a majority of the accessto freewaysin urban
areas. Asaresult, thetraffic signal design and operation at a diamond interchange are
critical to effective operation. Specific factors critical to design and operation include the
number of approach lanes, the lane assignments, the distance between intersections, signal

phasing, signal timing, and sight distance.
continued ‘
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Figure 3—12. Typical Diamond Interchanges

Texas Highway Operations Manual 3-27 TxDOT - 08/92



Chapter 3 - Operational Considerations Section 3 - Operational Considerations
in Preliminary Design for Geometric Design

5.4 Signalized Diamond Interchanges (continued) .

Generaly, al lanes between the traffic signals should have a corresponding approach lane
upstream of the traffic signal. Figure 3-13 illustrates a typical signalized diamond
intersection with exclusive right turn lanes and U-turn lanes. The need for exclusive left
and right turn lanes and U-turn lane should be evaluated on the basis of future traffic
volumes and futuretravel patterns. Whenever possible, adequate clearance and right-of-
way should be provided for future implementation of such improvements. Lane
assignments at diamond intersections also have significant implications on capacity and
operations. Signal operation should be evaluated for all peak periods to insure that
operations are acceptable.

Signa operation improves as the distance between the intersections of a diamond
interchange increases. The desirable distance for signal operation is 300 to 400 feet.
Distances less than 300 feet can be operated satisfactorily, however, thereisless
flexibility in the selection of traffic signal phasing. Even though the intersections of a
diamond interchange may not be initially intended for signalized operation, consideration
should be given to providing optimal intersection separation for future signalization.

5.5 Cloverleaf Interchanges

A full cloverleaf interchange has aloop ramp in each of four quadrants to accommodate

theleft turn movements. An interchange with less than four loop rampsisreferred to as .
apartia cloverleaf. Cloverleaf interchanges require more right-of-way than diamond

interchanges and, therefore, are less common in urban areas. Figure 3-14 illustrates two

examples of full and partial cloverleaf interchanges.

The advantage of the cloverleaf interchange isthat it eliminates the need for aleft turn
grade separation structure and allows left turns to be made without the need for control at
an intersection. Disadvantages of cloverleaf interchanges are the extra travel distance
required for left turn traffic, the short weaving length available when two loops arein
adjacent quadrants, the large reduction in speed for |eft turn movements, limited capacity
of loop ramps, and the large right-of-way requirements. Another disadvantage includes
the difficulty of providing 2-lane ramps when volumes warrant 2-lanes.

The use of a separate collector-distributor road as shown in Figure 3-14aremoves the
weaving maneuvers from the freeway main lanes and places them on alower speed
roadway. If acollector-distributor road is not used, several other disadvantagesinclude
the double exit from and double entrance to the main lanes, the problems associated with
signing a second exit, and the exit located after the crossing structure.

continued ‘
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6.0

55 Cloverleaf Interchanges (continued)

Figure 3-14billustrates a partial cloverleaf with loop ramps that serve the two left turns
from the cross street.  Thisinterchange is known as a Parclo-A interchange and may be
an appropriate capacity enhancement for an existing diamond without frontage roads if
adequate right-of-way exists. It may also be an appropriate conversion for an existing full
cloverleaf that possesses operational problems if adequate capacity can be provided. The
partial cloverleaf shown in Figure 3-14b has the advantages of no weaving problems and
the loop ramp serving the lower speed arterial. The interchange has the appearance of a
conventional diamond to freeway traffic, in that all exiting traffic uses the same ramp.
The magjor limitation is the need to provide adequate arterial signing to inform the
motorist that left turns are made from theright lane. Moreright-of-way is also required
in the quadrants having the loop ramps as compared to the conventional diamond.

Interchange and Terminal Considerations

As most vehicle interactions occur in the vicinity of interchanges and terminals, their
designiscritical in terms of efficient operational performance. Itispossible to provide
acceptable geometric design that resultsin less than optimal operational performance.
The following subsections address significant considerations in the operational
performance of interchanges and terminals.

6.1 Merging Capacity

The presence of any type of merge condition indicates areduction in capacity. Whenever
amergeis part of ahighway design, the operating conditions should be carefully
evaluated to insure that operations will be acceptable. The evaluation should not only
examine the merge capacity at the specific point of the merge, but should also evaluate
operations upstream and downstream of the merge.

Lanes |ocated downstream of a merge may operate very close to capacity for a short
distance downstream of the merge point. Thisis due to the mixing of two streamsinto
one lane. As the traffic flows downstream, it will redistribute to other lanes. The
capacity of lanes located upstream of a merge is restricted by the capacity of the merge
itself.
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6.2 Major Forks

The location where a highway or freeway splitsinto two major or separate flowsis
known as a bifurcation or major fork. Their design should follow al of the operational
principles previously discussed, including lane balance. Invariably, operational
difficultieswill develop unless one of theinterior lanesis an optional lane, where vehicles
have the choice of taking either route.

Whenever possible, the approach to the fork should be on tangential aignment and one of
the forks should continue the tangential alignment. The designated or continuous route is
the obvious choice for the route to be located on the tangent.  Figure 3-15illustratesthe
comparison between alternative designs. The tangential alignment is operationally
superior because an indecisive or inattentive driver will be able to continue on the route
where the same driver might encroach the gore areawith a“Y” design. The tangential
alignment also eliminates superelevation transition problems. The diverge at afork
should be accomplished with a diverging tangent followed by a curve as shown in Figure
3-15. This alows each roadway to obtain its own identity with the existing cross-slope,
with superelevation introduced after the roadways are separated.

6.3 Freeway-to-Freeway Connections

Freeway-to-freeway connections are formed by the convergence of two mgjor traffic
streams. The principles of route continuity (Chapter 2, Section 2, Segment 1.0) and
concurrent routes (Chapter 2, Section 2, Segment 2.0) should be followed when
considering their design. If possible, the use of inside merges should be avoided.

6.4 Two-Lane Exit Ramps

Some situations may require atwo-lane ramp at a point downstream from the exit gore.
Reasons for a two-lane ramp include downstream capacity needs, future capacity needs,
lane balance requirements at a downstream point, awide structure for future highway
widening, and others.

When atwo-lane ramp isjustified, lane balance requirements should be satisfied at the
exit from the main lanes. An exit maneuver which can be made only from one main lane
should have only one lane to exit onto. Figure 3-16 illustrates how lane balance
requirements can be satisfied for atwo-lane ramp served by asingle freeway lane. This
configuration has one lane of exiting capacity.

In some cases, capacity needs may require atwo-lane exit. This can be done as shown in
Figure 3-17 by adding a second lane and continuing the lane upstream as an auxiliary lane
for an appropriate distance (desirably 2,000 feet). This configuration has two lanes of
exiting capacity.
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6.5 Ramp Design and Alignment

Freeway entrances and exits should be located on tangent sections wherever possible in
order to provide maximum sight distance and desirable traffic operation. The location of
exit ramps on a horizontal curve should be avoided wherever possible. If an exit ramp
must be located on a curve, then the ramp should aso utilize a curved horizontal
alignment. A tangent alignment for an exit ramp located on a curved main lane segment
may present the appearance of the main lane alignment and may also draw vehiclesinto
the exit ramp. Locating an exit ramp on a curved main lane section also causes problems
for superelevation transition.

6.6 Truck Operation

Truck operations may be an important consideration for interchanges. The larger sizes
and decreased performance capabilities of truck should be considered when evaluating
operations of interchanges, particularly on connecting ramps. Table 3-I describes specific
areas related to truck operations at interchanges, which should be evaluated in the
preliminary design stage. Whenever possible, the features described in Table 3-1 should
be incorporated into interchanges which accommodate large volumes of truck traffic.

Table 3-. Truck Operational Considerations at I nterchanges

+ Transition to super elevation - The proper transition to superelevation should
be used to increase comfort and/or operationa efficiency.

+ Compound curves- Whenever possible, ramp curves of different radii should
be separated by a tangent section to reduce demands on drivers and reduce the
dependency on the side friction factor.

+ Deceleration lanes preceding an exit - The deceleration lanes for exit ramps
should be of sufficient length to allow trucks to slow down to the necessary
speed to negotiate the ramp radius.

+ Sight Distance - Whenever possible, additional sight distance should be provided
to allow truck driversto maneuver the truck into the proper position for entering
the ramp. The sight distance restrictions of overhead objects should also be
considered for trucks.

+ Downgrade preceding a ramp exit - Trucks may speed up on downgrades,
requiring additional deceleration lane length.
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7.0 Signing

Good signing practices are essential to good operations.  Specific guidelines for the use
and design of regulatory, warning, and guide signs are set forth in the Texas Manual on
Uniform Traffic Control Devices (TMUTCD) and Standard Highway Sign Designs for
Texas. These publications aso provide more general guidelines for the use of guide signs
on conventional roads and freeways. Designing effective guidesigning isacritical
element in providing acceptable operations.

Enough information should be provided to guide motoriststo their destinations without
overloading them with so much information that they become confused. Irrelevant and
ineffective signs are obstacles on the roadside and are costly to provide and maintain.
Motorists should be given only the relevant information at the correct placesand in a
manner that will command attention. Table 3-2 provides guidelines on the desirable
number of sign installations on asingle sign bridge.

Signing and geometrics should be designed in concert with one another during the
preliminary design stage. Highway guide signing should be consistent in appearance,
unambiguous, and easily understood. Location and text of proposed guide signs should be
determined. A ssimple axiom applies to the geometric design process: “If you can’'t sign

it, don’t build it.” Chapter 4, Section 2, Segment 3.0 provides more detailed information
on the design of guide signs.

Table 3-2. Desirable Sign Configurations

Number of Sign Application
Panels
on One Sign Bridge
| Frequently
2 Occasiondly
3 Specia Case
4 Avoid
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8.0 Horizontal and Vertical Alignment

Horizontal and vertical alignments are permanent design elements which are important to
the long-term safety, efficiency, and economic service of a highway. It may be difficult
and costly to change alignment after the highway is constructed. Restrictive geometric
alignment reduces the operational efficiency of a highway facility. The designer should
provide generous geometrics whenever possible. The interaction between horizontal and
vertical alignment and other design considerations, such as the location of signs, access,
interchanges, and other elements should be carefully evaluated.

Vertical grade of ramps affects sight distance and vehicle acceleration/deceleration
performance. Ramp grades near the terminal points should approximate the grade of the
lanes with which they intersect.

Horizontal and vertica alignments should complement each other. However, coordination
of alignment may not be possible on existing facilities and other measures such as signing
or lighting may need to be considered. Coordination of horizontal and vertical aignment
is obtained by engineering study and consideration of the general principlesgivenin Table
3-3. These principles are illustrated in Figure 3-18.

Table 3-3. Coordination of Horizontal and Vertical Alignment

+ Curvature and grades should bein proper balance. Tangent alignment or flat
curvature at the expense of long steep grades or excessive curvature with flat grades
should be avoided, whenever possible.

+ Vertical curvature should be superimposed on horizontal curvature, or vice versa.
This generally resultsin amore pleasing design, but it should be analyzed for the
effect on traffic operations. The number of sight restrictions on the project is
reduced, making changesin profile less apparent, particularly in rolling country.

+ Sharp horizontal curvature should not beintroduced at or near thetop of a
pronounced crest vertical curve. Thisallowsthedriver timeto perceive the
horizontal change in alignment, especially at night. Operational difficulties may be
avoided if the horizontal curve leadsthe vertical curve (the borizontal curveis made
longer than the vertical curve).

+ Sharp horizontal curvature should not beintroduced at or near the low point of
pronounced sag vertical curve. This prevents the roadway from presenting a
distorted appearance.
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9.0 Pavement Considerations ‘

Longitudina pavement joints may be viewed as defacto lane lines when pavement
markings areworn. Whenever practical, longitudinal joints should be parallel to lane
lines.
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. OPERATIONAL CONSIDERATIONS FOR TRAFFIC MANAGEMENT
1.0 Surveillance, Communication, and Control (SC&C)

As urban highways become more congested, the need for a management system consisting
of surveillance, communication, and control measures will increase and become more
common. The need for SC& C systems should be evaluated in the preliminary design
stage, and provisions made for their implementation, either in the initial construction, or
at alater date. SC& C considerations are discussed in detail in Part 111 of this Manual.

2.0 Incident Response Facilities

Much of the congestion caused by an incident can be alleviated if operational procedures
provide for the removal of disabled vehiclesto alocation off the freeway as rapidly as
possible. Accident investigation sites should beincluded as part of the preliminary
design. Their design should be coordinated with local police agencies. Consideration
should be given to incident response procedures and the relationship between SC& C and
incident response. Chapter 9 addresses operational procedures for incident management
and Chapter 10 addresses control strategiesin greater detail.

3.0 TrafficControl During Construction

The highway designer should consider the operational impacts of construction in addition

‘ to normal operating characteristics. Adeguate consideration should be given to the safety
and convenience of motorists, pedestrians, and workers during construction. Such factors
asfacility capacity during construction, access, traffic control, construction phasing,
acceptable access to the work site, and others should be evaluated in the preliminary
design stage for their impacts on operations. Table 3-4 identifies some of the items that
should be addressed by the traffic control plan, as appropriate. Not al of the items
identified in Table 3-4 will be pertinent to any one traffic control plan,

. continued
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3.0 Traffic Control During Construction (continued)

Table 3-4. Traffic Control Plan Considerations

+ Signing

+ Flagging

+ Geometrics of detours

+ Methods and devices for delineation and
channelization

+ Application and removal of pavement
markings

+ Placement and design of barriers and
barricades

+ Separating opposing traffic streams

+ Maximum lengths of lane closures

+ Speed limits and enforcement

+ Use of pilot cars

+ Construction scheduling

+ Construction zone screening

+ Staging and segquencing

+ Length of construction impacting
operations at any onetime

+ Methods of minimizing construction
time consistent with safety

+ Hours of work

+ Storage of equipment and materials

+ Removal of construction debris

+ Pavement edge dropoff treatment

+ Roadway lighting

+ Movement of construction equipment

+ Access for emergency vehicles

+ Clear roadside recovery area

+ Provision for disabled vehicles

+ Surveillance and inspection

+ Needed modifications of above items
for inclement weather or darkness

+ Priority treatments for high-occupancy
vehicles

+ Motorist communication systems

+ Any other matters appropriate to the
safety objective

4.0 High-Occupancy Vehicle Considerations

If high-occupancy vehicle (HOV) provisions are found to be adesign alternative in the
project devel opment stage, then further HOV evaluation should occur in the preliminary
design stage. Factors such as design vehicles, geometric design features, HOV SC&C,
enforcement, HOV signing, and location and operation of support facilitiesin the corridor
should be reviewed. TheRevised Manual for Planning, Designing, and Operating
Transitway Facilities in Texas and the American Association of State Highway and
Transportation Officials Guide for the Design of High-Occupancy Vehicle Facilities
provide additional information about specific preliminary design considerations.
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OPERATIONAL ANALYSIS

Operational analysis becomes possible early in the preliminary design stage. Traffic and
geometric data are used to provide an indication of the level of service or quality of flow
on the highway. Each section of highway should be evaluated for operational
characteristics during the preliminary design stage. This evaluation should address all
entrances, exits, and interchanges for their adaptability, capacity, and operational features
from the driver’s point of view.

1.0 Travel Path Analysis

The design should be tested for ease of operation by drawing or tracing separately the
path for each principal origin and destination to permit studying those physical features
that will be encountered by adriver. The designer can visualize exactly what the driver
sees -- the road being traveled, the various points of ingress and egress, interactions with
other vehicles, and the directional signs along the travel path -- and have a sense of the
accompanying traffic.

Such an analysis indicates whether or not confusion may be likely because of exits and
entrances too close together or interference that may occur because of weaving sections.

It should show also whether or not the path is clearly defined, if it is feasible to sign the
facility properly, and if roadside or overhead signs are required and where they may be
placed. Mgjor signing requirements spaced closer than 1/4 mile are indicative of potentia
operationa problems.

2.0 Operational Efficiency

There are no definitive procedures for evaluating the operational efficiency of afacility.
Engineering judgment should be used to determine if the driver can receive the
appropriate messages and can respond in an acceptable manner. Table 3-5 addresses
some of the mgjor concerns related to providing operational efficiency.

3.0 Highway Capacity Manual Procedures

The 1985 Highway Capacity Manual containsthe most widely used capacity analysis
procedures. It describes the theory and methods for manually determining the level of
service, capacity, and service flow rates for basic freeway sections, weaving and ramp
areas, two- and multi-lane highways, and signalized and unsignalized intersections.
Microcomputer software is also available to automate these procedures.  Theminimum
level of analysis would include separate analysis of basic freeway section capacity, ramp
capacity, weaving sections, and signalized intersection capacity. In magjor urban areas, it
may be appropriate to use other computer simulation models (Chapter 8) to analyze
complex geometrics where it is likely that severa parts of the system have major
interactions.

continued
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in Preliminary Design

3.0 Highway Capacity Manual Procedures (continued)

Table 3-5. Operational Efficiency Concerns

+ Basic Lanes- The basic lanes should be continuous over a significant length and
through interchanges.

+ Ramp Spacing - Ramps should be spaced so that the areas of influence do not
overlap.

+ Freeway/Ramp Speed Relationship - Speeds of the merging freeway and ramp
vehicles should be as nearly equal as possible.

+ Appropriate I nterchange Type- Interchanges should accommodate necessary
movements in an appropriate manner.

+ Single Exit Design - Single exits in advance of the cross street should be provided
for all interchanges.

+ Decision Sight Distance- Adeguate sight distance should be provided at dll
locations requiring complicated decision making and vehicle maneuvering.

+ Weaving within Interchange on Mainline- Weaving maneuvers should be
eliminated from the vicinity of interchanges.

+ Signing - If you can not effectively sign it, you should not build it.

+ Lane Balance- Merge and diverge areas should follow the lane balance principles.

4.0 Highway Models

Analysis of complicated interchange designs may benefit from the construction of small
scaleinterchange models to provide athree-dimensional tool for eval uation of geometric
layout and for presentation of proposed improvementsto the public. Three-dimensional
computer graphicswill eventually be an aternative to a physical model.
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Chapter 4 - Operational Considerations in Final Design Section 1 - Overview

OVERVIEW

. Thefinal design stage is characterized by the preparation of construction plans and the
determination of design features such as superelevation runoff, drainage structure sizes,
plan details, barriers and guardrail, signs and pavement markings, curb type, traffic
detector placement, and afew others. Virtualy all of the major design decisions which
affect operations have been made previoudly in the design process. However, there are a
few design features addressed in the final design stage which impact operations.

Aswith the other design phases, the operational needs in the fina design stage should be
balanced with other design needs such as access, safety, cost, and constructability. Each
of these factors must be carefully weighed, and the final design of the facility should
reflect the most appropriate combination of design factors, given the limitations imposed
on the project.
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in Final Design

OPERATIONAL CONSIDERATIONS

As mentioned at the beginning of Chapter 1, operations should be considered throughout
the design process, not at the end. The final design phase is too late for consideration of
design features directed at improving operations. However, there are some design
elements which should be considered or refined in the final design stage.

1.0 Markings

Markings are an important part of the final design stage. Markings include pavement
markings, object markers, and delineators. The Texas Manual on Uniform Traffic
Control Devices contains guidelines for the use of markings on roadways.

Selection and placement of the proper type pavement markingsiscritical in satisfying
driver information requirements. Marking lifeisan important consideration where large
traffic volumes are anticipated. Raised retroreflective pavement markers should be
considered for all urban freeway operations.

Objectsin or near the roadway should be identified with the proper type of object
markers. Delineators should be considered for use in identifying the roadway aignment
in areas with little or no supplementary lighting. Delineators may be used over long
stretches of highway or on a short stretch of highway where there are changes in
horizontal alignment. One of the advantages of delineatorsis that they remain visible
when the road surface is covered with water or snow,

2.0 Detector Placement

Traffic detectors may be placed on the highway to provide data collection and surveillance
capabilities. When used for these purposes, small detectors are placed in each lane of the
roadway at regular spacings. The location and spacing of the detector with respect to
ramps and interchanges have a significant impact on how traffic is represented. Detectors
placed between an entrance ramp and exit ramp will indicate higher traffic volumes than
detectors placed between an exit ramp and entrance ramp. Detectors are also used to
control ramp metering strategies. Chapter 10 discusses the uses of detectors for this
purpose.

Consideration should be given to the interchange configurations when determining
detector placement. With a diamond interchange, the highest traffic volumes occur
between the entrance and exit ramps (i.e., between structures). With a reverse diamond
or X interchange, the highest volumes occur at the grade separation structure. Detector
spacing is typically between 1/4 mile and 1/2 mile, depending upon the spacing of
interchanges.

continued
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in Final Design

2.0 Detector Placement (continued)

Multiple detectors at asingle location allow speed data to be collected and reduce the
need for rapid detector replacement upon failure. Once again, the location of the
detectors has an impact on the quality of the data collected. Detectors located on grade
separation structures, on upgrades, and entrance ramps may indicate slower speeds than
detectors located at other positions. Chapter 7 contains additional information about the
placement and use of detectors.

3.0 Sign Design and Location

The major concerns of guide sign design should be addressed in the preliminary design
stage. In the final design stage, features such as signage, design of sign supports,
placement of supplementary and other minor signs, and other minor details are addressed.
Seven basic principles have been found to be useful as a guide to be used in the design,
installation, and maintenance of directional signing. These principles, which are a'so
applicable to signing situations in other areas and on other types of highways, arelisted in
Table4- 1 Table 4-2 provides a checklist of questions which may be applied to a
particular signing installation as a test to determine whether the signs comply with all the
principles.

Table 4-P. Principles of Highway Signing

1. Interpretation - All possibleinterpretations and misinterpretations should be
considered in phrasing sign messages (words and symbols).

2. Continuity - Each sign should be designed in context with those signs
preceding and following it so that continuity is achieved through relatively long
sections of highway.

3. Advance Notice - Signing should prepare the driver in advance of each
decision to be made.

4. Relatability - Sign messages should be in the same terms as information
available to the driver from other sources, such as touring maps and addresses
givenin tourists information, advertising, and geometrics.

5. Prominence - The size and position, as well as the number of limes asign or
message is repeated, should be related to the competition from other demands
on the driver’s attention.

6. Unusual Maneuvers- Signing should be specially designed at points where the
driver has to make a movement which is unexpected or unnatural.

7. Consistency - New signing should be consistent with existing signingin
terminology and appearance. Existing signing beyond the project limits should
be evaluated for consistency with geometric changes.

Source: Schoppert, D.N., K. Moskowitz, S.F. Hulbert, A. Burg, “Some
Principles of Freeway Directional Signing Based on Motorists
Experiences,” HRB Bulletin 244, 1960.
continued
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3.0 Sign Design and Location (continued)

Table4-2. Compliancewith Signing Principles

+ s there enough information to prevent a motorist from being led astray by
assumptions based on information that is not given?

+ If amotorist does exactly what the sign indicates, will the appropriate
action be performed at the correct location?

+ Isthe difference between aternatives clearly emphasized?

+ 1s no more than one choice presented at one time?

+ |s the message too cryptic because of the use of symbols or words which
are either ambiguous or meaningless to a certain portion of the motoring
public?

+ Is the motorist confronted with too much information to comprehend at one
location, either by having too much on one sign or too many signs?

+ Are the various items of information emphasized (by their size, position,
color, etc.) in accordance with their importance to the motorist?

+ Isthe signing sufficiently prominent to overcome the competition for the
motorists attention from other sources?

+ Does the information presented at this sign installation preserve the
continuity established by previous signing?

+ Does the information presented relate to that available to motorists from
other sources?

+ Is the information repeated often enough and far enough in advance to
assure that motorists will seeit and reach a decision well in advance of the
position where action isrequired?

+ Has presentation of new information at the point of decision been avoided?

+ Isthis sign installation the same as those used at other locations where
similar conditions exists? The term “conditions’ refers to alignment,
permissible movements, decisions required, etc.

+ Do the conditions at this |ocation demand custom-designed signing because
unusual, unnatural, or unexpected maneuvers are required of motorists?
This specia signing need not result in bizarre treatment, it can be
accomplished by the imaginative application of accepted practices.

+ Has signing upstream and downstream of the new signs been evaluated to
insure consistency?

+ Do modifications to geometrics require changes to signing outside of the
project limits?

continued
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3.0 Sign Design and Location (continued) .

Signs are designed for legibility distances based on the speed of traffic. Freeway guide
signstypically have 16-inch letters (minimum) which are designed to be read from a
distance of 800 feet. Thisdistanceis based on alegibility of 50 feet per inch of letter
height for series E letters. Typical reading times may be 3 seconds which trandatesinto
243 feet of reading distance at 55 mph. If the sign isto remain within a10” angle of the
roadway centerline while being read, as shown in Figure I-3, then the sign should be
legible from a distance of 498 feet. Therefore, amajor guide sign should have at least
500 feet of unobstructed viewing. Figure 4-1 shows the sight triangle for a ground-
mounted sign. No other signs should be installed in the viewing area of the sign. If
other ground-mounted signs cannot be relocated, the guide sign should be mounted
overhead for improved visibility.

Horizontal curves can cause viewing problemsfor signs.  Arrows on overhead signs may
point to the correct lane at the point of the sign, but, from a distance, the sign may
appear to be pointing to a different lane. Overhead signs should not be installed in
horizontal curves, if possible. If signs must be installed in horizontal curves, it may be
appropriate to slightly offset the sign, moving the arrow from the center of the lane, to
improve viewing from adistance. Horizonta curvesto the right may be a problem for
ground-mounted signs because of the increased viewing angle. It may be necessary to
mount signs overhead to improve the visibility of the sign.

Lane assignment and advanced information signs are two closely related aspects of guide .
sign installations which should be carefully evaluated in order to reduce driver confusion.
Drivers should be provided with enough advance information to position the vehiclein the
proper lane so that last minute maneuvers can be avoided. Advance lane assignment
information is especially important at |ocations with optional lanes, two-lanes exits, or

exit only lanes.

Figure 4-2 illustrates advance lane assignment guide signing for atypical situation
involving an optional lane, a two-lane exit, and an exit only lane. Lane assignment
information is especially important if the exit from [.H. 100 and the north and south split
of S.H. 1 are closely spaced. By indicating the proper lanesfor S.H. 1 northand S.H. 1
south, the full capacity of each lane can berealized. Additionaly, identifying the
optional lane as such informs through drivers that they can use the lane, allowing the
capacity capabilitiesto be used more effectively. The exit only information helps drivers
from being trapped in the exiting lane.

4.0 Data Communication
Data communication or transmission techniques are refined in the final design stage. The

type of communication medium (twisted wire, fiber optic, etc.) and the location of conduit
(outer separation, median barrier, etc.) should be determined in the final design.
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Chapter 5 - Operational Considerations for Scheduled Activities Section | - Overview

OVERVIEW

Construction activities, maintenance activities, and specia events have significant impacts
on highway traffic operations which can be minimized through careful planning and
appropriate traffic management. Because many of these activities are generally scheduled
in advance, their impacts on highway operations can be anticipated and appropriate
operational measures can be taken. In most situations, there is ample opportunity to
select astrategy that will minimize the operational impacts while fulfilling the needs of
the activity. The selection of a particular traffic management strategy depends upon the
anticipated impacts. This chapter discusses the operational considerations, management
strategies, and analysis procedures related to scheduled activities.

It should be noted that operations are only one of the considerations that impacts the
selection of atraffic management strategy for scheduled activities. Other considerations
include access, safety, and cost, among others. When selecting the most appropriate
management strategy, theindividual should strive to obtain a balance between the various
considerations.
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Chapter 5 - Operational Considerations Section 2 - Types of Activities
for Scheduled Activities

TYPES OF ACTIVITIES

Scheduled activities are typically classified by the type of activity that isbeing performed.
Construction/mai ntenance activities (or work zone activities) and special eventshave
different characteristics, but both types of activities can impact traffic. The location of
the activity and the time required to perform the activity will also determine the degree of
the operationa impacts.

1.0 Work Zones

The type of work being performed dictates the extent to which the highway will be
occupied and closed to normal traffic. Work zone activities are most commonly
categorized in terms of the type (construction or maintenance), duration (major or minor),
and location (stationary or mobile) of the project.

1.1 Type

Work zones may be classified as either construction activities or maintenance activities.
Construction activitiesinvolve upgrading an existing facility (lane additions, bridge
replacement, etc.), whereas maintenance activities are performed periodically either to
prevent afailure in the system or to correct physical defects in the roadway, roadside, or
supporting structures (maintaining traffic control devices, safety structures, pavements,
and other roadway-related features). Typical construction and maintenance activities are
listed in Table 5- 1.

Table 5-1. Typical Work Zone Activities

Construction Maintenance
+ Interchange construction + Pothole patching
+ Curb and gutter construction + Litter pickup
+ Traffic lane/High-Occupancy + Lane striping

Vehicle lane additions + RPM replacement
+ Bridge replacement + Guardrail/barrier repair
+ Drainage system installations + Luminaire relamping

+ Hot mix asphalt application

Most construction activities are longer in duration and may reguire more extensive traffic
control and traffic management than maintenance activities. Construction activities
usually require aminimum of several weeks or months to complete, although some last
longer than a year. These activities typically require high-type traffic control devices and
facilities, such as traffic barriers and temporary roadways. Construction activities
typically impact operations through reductionsin the number of lanes, environmental
factors such as dust or water, reduced lane widths, elimination of shoulders, reduced
clearances, heavy truck traffic, temporary detours, visual distractions, and others.

continued
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for Scheduled Activities

1.1 Type (continued)

Although maintenance activities are generally completed more rapidly, they can have
significant operational impacts. Most maintenance activities are performed during one
day as either a daytime or nighttime operation, and may require the closure of one or
more traffic lanes. Some maintenance activities, however, involve extensive rehabilitation
and take on the basic properties of a construction activity. The operational impacts of
maintenance activities are typicaly due to lane closures, slow-moving maintenance
vehicles, lane shifting, visua distractions, and other factors.

Regular maintenance activities are typically scheduled in advance and the operational
impacts can be minimized with planning. However, not all maintenance needs can be
planned, and emergency maintenance activities will occur. Emergency maintenance
activities do not provide as much opportunity to minimize operational impacts, dueto the
need for prompt action. In emergencies, the operational impacts of maintenance activities
can be classified as nonrecurring congestion. The concepts in Chapter 9 can be used in
addressing emergency maintenance.

1.2 Duration

The Texas Manual on Uniform Traffic Control Devices (TMUTCD) classifies work zones
as major or minor, depending upon the duration and location of the work. Major
activitiestypically last longer than anormal workday and occur on the roadway, within
12 feet of aroadway without curbs, or within 2 feet of aroadway with curbs. In
addition, work zones lasting only afew hours are considered to be major if the work is
done under high volumes and/or high speeds.

Work zones that occur on the roadway or within 30 feet of the roadway and do not last
more than a normal workday (during daylight periods only) are classified as minor
activities. In minor activities, al traffic control devices are removed from the roadway at
the end of the workday.

The key distinction between major and minor activitiesisthat traffic control devicesfor
major activities must accommodate both daytime and nighttime conditions, whereas traffic
control devicesfor minor activities must warn or direct traffic during daylight periods
only.
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1.3 Location

. Stationary work zones are those in which the traffic control measures remain fixed for the
entire operation, or asignificant time period. Mobile operations are those in which the
location of the work activity is continually changing, thus making it difficult or
impractical to use stationary traffic control devices. Most mobile operations are
maintenance-rel ated activities. Mobile operations may be described as either fast-moving,
sow-moving, or intermittent-stop activities.

Fast-moving activities move at arelatively rapid pace, with the speed of the operation
usually in the range of 3 mph to 10 mph below the posted speed limit. Fast-moving
activities require special traffic control that moves with the operation. Typical fast-
moving operations are lane striping and roadway sweeping.

Slow-moving activities are those in which the operations generally proceed in a
continuous fashion, with a travel speed less than 3 mph. There may be some opportunity
for stationary traffic control devices combined with other special warning devices that
move along with the operation. Typical slow-moving operations include painting
pavement markings using wal k-behind equipment and pavement marking removal.

I ntermittent-stop activities are highly mobile operations in which astop isrequired to
perform the actual work. These activities include pothole patching, litter pickup, and
‘ luminaire relamping. In most cases, only afew minutes are spent at any one location.

2.0 Special Events

Another scheduled activity that can have significant impacts on highway traffic operations
is specia events such as sporting events, parades, motorcades, major concerts,
conventions, and grand openings. These activities require traffic control plans much like
those required for work zones. Managing traffic during special events can result in
reduced congestion and delay. Special events usually generate large volumes of traffic,
and congestion generally occurs on highway segments at or near the generator.  1n many
cases, the effects of special events can be predicted from historical data.

There are many types of special events and each has its own characteristics; therefore, a
wide variety of traffic control measures (e.g., lane closures, traffic signal retiming,

special signing to the event, etc.) may be required. Alternative traffic management
strategies can be evaluated during the planning stages so that the strategy that minimizes
the operational impacts may be implemented. Traffic Management Teams (TMT) provide
ameans of establishing communication and cooperation between various agencies and
organizations which may be impacted by special events. Chapter 6 provides additional
information about TMT.
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DATA NEEDS

The data needed to adequately evaluate alternative traffic management strategies should be
assembled during the early stages of the traffic control planning process. Each activity
type influences traffic operations differently dueto its duration and location relative to the
travel lanes. Therefore, each activity may require a different level of data collection.

The three basic categories of data include a description of the scheduled activity, the
existing or anticipated traffic conditions, and a description of the roadway and related
features. The data needs for most activities are summarized in Table 5-2.

Table 5-2. Potential Data Needs

Scheduled Activity Existing Traffic Conditions Roadway and Related
Description + 24-hour volume counts Features
+ Type of work + Daily and seasona volume + Right-of-Way limitations
+ Amount of roadway variations + Cross-section
encroachment + Hourly volume counts + Horizontal and vertical
required + Intersection and interchange profiles
+ Limits of work turning movement counts + Type and location of
+ Tentative schedule + Volume of trucks traffic control devices
+ Estimated cost + Travel time and speed data + Adjacent land use
+ Accident history + Description of potential
+ Signal timing data detour routes

1.0 Scheduled Activity Description

A complete description of the work to be performed is basic to the evaluation of
dternative traffic management strategies. The description should include the type,
location, limits, and cost of the activity. The space needed by the work activities and
equipment, the safety buffer required for adequate site protection, and the physical space
occupied by traffic control devices should be included in the description. The project

[imits can be described by the number of traffic lanes to be occupied, the length of the
work zone, and the duration of the activity.

2.0 Existing Traffic Conditions

Existing traffic conditions are an important data component in the planning process.
Traffic volumes, travel time and speeds, accident history, and signal timings on a given
section of highway influence the selection of atraffic management strategy.

continued
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2.0 Existing Traffic Conditions (continued)

Traffic volumes are one of the most important data needs for work zone traffic
management planning. The hourly, daily, and seasonal volume information can be very
useful in determining the best time period to perform the activity. Anticipated demand
volumes at awork zone can be estimated from recent traffic counts or from automatic
traffic counter data.  Permanent count data may not provide an accurate estimate of traffic
volumesif the work zone is a considerable distance away.

A problem with estimating traffic volumes at work zonesis the amount of diversion that
naturally occurs at work zones. When encountering unusual congestion, many motorists
familiar with the areawill seek alternative routes to their destinations to avoid the
congestion. The extent of this diversion is difficult to predict.

Travel time and speed data may be necessary to measure delays to motorists traveling
through or around the activity, especially where a detour must be considered. These data
may also be needed for speed control, determination of sign placement, and/or changing
the existing signal timing.

Accident data can be used to indicate the need for specific traffic control measuresto
address accident concerns such as accident types, locations, and times. Historical
accident data can also be used as abasis of comparison when eval uating accidents within
work zones.

Traffic signal timing data is needed to assess how work zones will impact operations at
signalized intersections and whether changes in signal timing will be needed.

3.0 Roadway and Related Features

The description of the roadway and the surrounding areais another data component
needed to evaluate potential aternative traffic management strategies. In most cases,
roadway geometrics, such as right-of-way limits, cross-sectional elements, and horizontal
and vertical profiles, will dictate which strategies are feasible alternatives.

The data should include information about adjacent roadways where detour of traffic to
alternative routes is possible. Specia land uses (e.g., schools, hospitals, etc.) that may be
sensitive to additional traffic should be identified when planning detour routes. In
addition, potential conflicts between diverted traffic and pedestrian activity on the
aternative route should be identified and planned for appropriately.
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OPERATIONAL CONSIDERATIONS

All scheduled activities should be planned and conducted with due consideration for the
safety of the motorists, pedestrians, and workers. The basic principles that govern the
design of permanent roadways and roadsides should a so govern the design of construction
and maintenance sites. Frequent and abrupt changes in geometrics should be avoided.
Adequate warning, delineation, and channelization should be provided to ensure that
motorists are provided with guidance in advance of and through the work area.

There are several specific considerations for planning scheduled activities, including speed
changes, driver expectancy, driver workload capacity, traffic control plan, signing
requirements, and activity periods.

1.0 Speed Changes

Both excessive and low speeds are frequently cited as factors in many highway work zone
accidents. Speed affects the distance required to physically stop a vehicle.

Drivers do not expect to encounter drastic speed reductions without adequate warning
(Chapter 1, Section 6, Segment 3.0) and tend not to reduce their speeds unless they
perceive a clear and present need to do so. Reducing vehicle speeds bel ow the normal
operating speed of afacility is difficult to accomplish in most work zones, even when
adequate warning is provided. Work zone speed control methods have been found to be
only moderately successful. Therefore, the Texas Manual of Uniform Traffic Control
Devices recommends that work zones be designed to maintain the normal operating speed
of afacility, whenever practical.

2.0 Driver Expectancy

Driver expectancy (Chapter 1, Section 6, Segment 1.0) is an important consideration
when addressing the operational improvements of scheduled activities. It affects how
drivers react to and handle information about the work zone, how decisions are made, and
how these decisions are trandated into control actions and driving strategies. In order to
obtain the desired operationa response from drivers, they must be prepared to respond.
Since motorists have come to expect a high level of traffic operations on highway and
freeway facilities, scheduled activities often represent unexpected situations. Local
motorists may be surprised the most by scheduled activities.

continued

Texas Highway Operations Manual 5-11 TxDOT - 08/92



Chapter 5 - Operational Considerations Section 4 - Operational Considerations
-for Scheduled Activities

2.0 Driver Expectancy (continued) .

Drivers must be provided with advance information about the activity. This may be done
with advance warning signs, changeable message signs (CMS), and/or public relations
efforts, depending on the location and duration of the activity. The point where drivers
are informed of the activity iscritical. Drivers should be given the opportunity to select
alternate routes, and suggestions for alternate routes may be appropriate, if permissionis
obtained from agencies responsible for operations on these routes.

Within the vicinity of the scheduled activity, the highway environment should conform to
the expectations a driver would have in that situation. Driver expectancy should be
considered in the selection of temporary and permanent geometrics, speeds, detours,
signs, signals, and markings.

3.0 Driver Workload Capacity

The ability to identify and comprehend traffic control deviceswhile maneuvering a
vehicle through a scheduled activity should be considered when evaluating the type,
number, and location of the traffic control devicesto beused. Chapter 1, Section 6,
Segment 2.0 addresses driver information needs and the related hierarchy. Traffic control
devicesin awork zone should be placed according to the information hierarchy so that
the driver will not shed important information.

4.0 TrafficControl Plan ‘

The traffic control plan (TCP) isastrategy for safely moving traffic through awork zone.
TCPs typically provide specific information about placement and maintenance of traffic
control devices, methods and devices for delineation and channelization, construction
scheduling, application and removal of pavement markings, roadway lighting
requirements, traffic regulations, and surveillance and inspection procedures. Some form
of aTCP should be developed for al scheduled activities (construction, maintenance, and
special events). Texas Department of Transportation policiesrequirea TCP for all
construction projects and states that it should be used on al maintenance activities.

The TCP should be developed during the initial planning stages of any scheduled activity
and should be considered in all decisionsrelated to the activity. Table 5-3 lists some of
the major questions which must be considered in the development of a TCP.

continued .
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4.0 Traffic Control Plan (continued)

Table 5-3. Traffic Control Plan Elements

+ What type of activity isinvolved, and how does the activity impact traffic
flow?

+ Will capacity be restricted, and how can the impacts of a capacity
restriction be reduced?

+ Will traffic be detoured, where will it go, and what organizations or
agencies need to be informed?

+ What traffic control responsibilities will be fulfilled by the activity sponsor
or contractor?

+ Who will be responsible for making traffic control decisions during the
activity?

+ How will the activity schedule impact traffic flow and will time restrictions
be needed?

+ How will weather and environmental conditions affect the activity and
traffic flow?

+ What type of traffic control devices and arrowboards will be required to
control traffic?

+ Will barriers or crash cushions be needed?

+ Can changeable message signs be effectively utilized?

+ Will lighting improve traffic flow?

+ Are flaggers needed for traffic control and do the flaggers need to be
trained?

+ Can traffic flow be improved by providing additional traffic control devices,
changeable message signs, or barriers?

+ Will advance publicity help mitigate the operational impacts of the activity?

+ Have the appropriate local jurisdictions been notified?

5.0 Signing

The purpose of work zone signing isto provide drivers with the information needed to
safely and efficiently navigate through the scheduled activity. Both message content and
placement are extremely important in fulfilling adriver’ sinformational needs and should
be carefully considered in the selection of signing. Inappropriate messages and/or
incorrect placement of devices can mislead and confuse drivers.

continued
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5.0 Signing (continued) .

The Texas Manual of Uniform Traffic Control Devices (TMUTCD) contains specific
requirements for the use of traffic control devices, including those used with scheduled
activities. Part VI of the TMUTCD s specifically oriented to traffic control devices for
construction and maintenance areas. However, the TMUTCD does not and can not
address all situations related to scheduled activities. In these situations, the engineer must
utilize judgement in applying the requirements of the TMUTCD to scheduled activities.

The Traffic Control Plan must meet the TMUTCD requirements for signs, signals,
markings, and channdlizing devices. However, it may also be appropriate to pursue
additional measures beyond those required in the TMUTCD in order to improve highway
operations. Typically, these measures address the use of additional signing related to the
scheduled activity. In particular, changeable message signs, destination signs, and
informational signs may help improve traffic operations by providing needed directional
information and choices for aternate routes.

Most work zone signs are static in terms of the information they provide. However, the

development of changeable or dynamic motorist information signing devices such as

changeable message signs and advance warning arrow panels (arrowboards) has greatly

improved the amount and type of information that can be provided motorists in work

zones. These devices are effective at providing warning, guidance, and navigational

information that is readily understood by drivers. They are not intended to be used as ‘
replacements to any of the standard work zone traffic control devices, but as supplements

to the other traffic control devicesin the work zone.

The applicability of signing to the current situation should also be monitored. Signs
should not be placed until required, and should be removed if not needed. This principle
applies to both short term and long term situations.

6.0 Activity Periods
Traffic flow exhibits definite peaking characteristics. These peaks can occur during
different months, days, hours, and within asingle hour (Chapter 1, Section 7, Segment

2.0). Scheduled activities should be planned to reduce operational impacts during traffic
peaks. Examples of typical traffic peaks are provided in Table 5-4.

continued .
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6.0 Activity Periods (continued)

Table 5-4. Examples of Traffic Peaks

Monthly or seasonal peaks
Christmas - Higher traffic volumes before and after Christmas in urban retail
areas due to shopping. Volumes generally show increases around
Thanksgiving.
Recreational and vacation traveling - Higher traffic volumesin recreational and
tourist areas during the summer months.
Winter weather - Severe weather typically reduces the traffic volume to some
extent, depending on location and severity of weather.
Harvest time - Periods of mgor crop harvest may create higher volumes on
some highways, in both rural and urban areas.

Daily peaks
Friday - Traffic volumes on this day are normally higher than the weekday
average.
Weekends - Traffic volumes generally lower than average daily traffic.
Localized increases in congestion may result from recreational and shopping
traffic.
Holidays - Varied volume effects depending on area and holiday.

Hourly peaks
Peak periods - Traffic volumes are higher during morning and evening peaks.
The morning peak typically exists from 6:00 to 9:00 am and evening peaks
from 3:30 to 6:30 pm. The traffic volume and length of the peak is afunction
of the location. The evening peak usually has worse congestion.
Lunch - Volumes during the noon hour may near those of the peak periodsin
some areas. There may not be a distinct directional movement.

Most scheduled activities take place during daylight hours when visibility is better.
However, some activities may be scheduled for nighttime, in order to mitigate the traffic
impacts. Many safety and operational factors must be considered when scheduling work
at night, some of which are listed in Table 5-5. Specia provisions, such as reflectorized
signing, dimmer switches on arrow panels and changeable message signs, and
reflectorized collars on channelization devices must be considered when planning
nighttime activities.

continued
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6.0 Activity Periods (continued) .

Table 5-5. Factors Influencing the Scheduling of Work Activities at Night

4 The cost of increased traffic control and lighting requirements.

4 The impacts of noise on surrounding residential communities.

4 The impacts of reduced visibility on driver safety.

4 The added risks for construction workers exposed to a greater number of
impaired drivers.

4 The impacts of non-standard work hours on the quality of work.

4 The availability of construction materials such as sand, gravel, concrete or
asphalt.

4 The increased costs of nighttime construction.

4 The increased number of impaired drivers.
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MANAGEMENT STRATEGIES

Several management strategies can be taken to reduce the operational impacts of
scheduled activities. Some may be appropriate only for specific types of activities or
circumstances and the use of a particular strategy will depend on the characteristics of the
work activity, prevailing traffic conditions, and the physical characteristics of the
roadway. Some of the management strategies include lane constriction, lane/ramp
closure, detour/alternative route, crossover, shoulder utilization, frontage road utilization,
High-Occupancy V ehicle utilization, speed control, and public information.

1.0 Lane Constriction

Lane widths may be reduced dlightly in order to maintain a given number of lanes through
awork area. Thisschemeistheleast disruptive of al work zone strategies since the
same number of lanes are retained and narrow lanes, while reducing speeds, have
minimal effect on capacity. Figure 5-I illustrates this type of work zone.

The lane congtriction strategy is generally used in combination with other strategies. In
the case where the work area is mostly outside the normal traffic lanes, narrowed traffic
lanes may be the only strategy necessary to perform work activities. However, if the
work area occupies a traffic lane, a method known as “traffic shifting,” where trafficis
shifted so that a portion of traffic utilizes the shoulder as a traffic lane, may be used in
combination with reduced lane widths. Thus, the use of the lane constriction strategy
may depend upon the availability and width of shoulders.

The new lanes must be well defined, through the use of lane markings for long term lane
constrictions or cones for short term restrictions.  |If new lane markings are used, the
previous markings must be obliterated.

2.0 Lane Closure

Lane and/or ramp closures may be necessary when a portion of the roadway is needed for
the exclusive use of construction or maintenance activities. The lane closure strategy is
implemented by closing off one or more normal traffic lanes. The most obviousimpact
of lane closures is the reduction in roadway capacity. An analysis may be necessary to
determine whether congestion will result from the closure. The capacity of the remaining
travel lanes will be less than normal due to the operational turbulence caused by the lane
closures. Lane changing in the transition areawill be higher and speeds may be lower.

In most cases, an alternate strategy that would retain the same number of lanes would be
operationally preferable to reducing the number of lanes.

Lane closures can take severa different formsincluding single-lane, multilane, traffic
splitting, shared right-of-way, temporary bypass, and intermittent. These forms of lane
closures are illustrated in Figure 5-2.
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2.1 Single-Lane Closure

This strategy involves closing alane in such amanner that traffic is forced to merge from
the closed lane into another lane, Adequate advance warning must be provided far
enough upstream of the closure so that driversin the closed lane have enough time and
distance to merge safely into the adjacent open lane. A typical closure of an exterior lane
on amultilane highway isillustrated in Figure 5-2a.

2.2 Multilane Closure

Closing more than one lane may be necessary when the work area encompasses more than
one lane or when the work areaisin a center lane. In these cases, amultiple lane closure
may be utilized if the remaining open lanes can accommodate the traffic volumes. A
multilane closure avoids an isolated work area when work isrequired in an interior lane.
When implementing a double-lane closure, the lanes should be closed one at atime and
separated by a trangition distance. Advance signing and a merging taper should be
provided for each individual lane closure. Figure 5-2b is an example of atypical

multilane closure.

2.3 Traffic Splitting

Traffic splitting is sometimes used as an alternative to closing both the outside and middle
lanes when work is required in the middle lane of a multilane highway. Only the middle
lane is closed and traffic is permitted to move on both sides of thework area.  This
approach, if not carefully implemented, may result in operational and safety problems due
to drivers in the middle lane merging into exterior lanestoo closeto thework area. In
addition, such an operation may be confusing to driversif it is not properly planned.
Figure 5-2c illustrates a typical application of traffic splitting.

Traffic splitting is a useful strategy for managing traffic at middle lane work sites which
arerelatively short in length. It should not be used immediately upstream of high-volume
exit ramps because drivers desiring to exit could be trapped in the inside lane, thereby,
causing erratic maneuversto occur. Traffic splitting is typically accomplished by closing
an exterior lane 1,000 to 1,500 feet upstream of the work area, then routing the remaining
open lanes around the work area with no further merging. This removes merging
maneuvers from the immediate vicinity of the work area.
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2.4 Shared Right-of-Way

Shared right-of-way isthe use of one lane for both directions of traffic. The operational
effects of the shared right-of-way strategy should be analyzed to determine whether
another option which permits two-way operation, such as lane constriction (Chapter 5,
Section 5, Segment 1.0) or atemporary bypass (Chapter 5, Section 5, Segment 2.5),
would be more appropriate. A two-lane highway application of shared right-of-way is
illustrated in Figure 5-2d.

Traffic control at shared right-of-way locations may take several different forms,
including self-regulating (only at spot locations with good sight distance), flagger control,
flag-carrying or official vehicle control, pilot-vehicle control, yield control, and traffic
signal control. Several factors should be considered in selecting the best type of control,
including the capacity of the one-lane section, sight distance, motorist delays, and costs.

In generd, flagger and flag-carrying- or pilot-vehicle control are more conducive to short-
term activities. Because these methods require continuous manpower, they typically are
not feasible for along-term lane closure, for which yield or traffic signal control are more
favorable. However, the potential for vehicle accidents within the work zone may be
higher when devices are used, especially under low volume conditions, when driver
noncompliance with controls is higher.

2.5 Temporary Bypass

A temporary bypassis used when the roadway is totally closed in one or both directions
and traffic is rerouted to atemporary roadway. This type of work zone is also referred to
asanon-sitedetour. Generally, a bypass requires extensive preparation of the temporary
roadway to withstand the traffic loads. Frequent maintenance may also be required to
ensure a safe roadway surface is maintained. An example of atemporary bypass is
shown in Figure 5-2e.

2.6 Intermittent Closure

Intermittent closures stop all traffic in one or both directions for arelatively short period
of timeto allow the work to be accomplished. After acertain time, depending on traffic
volume, the roadway is again opened and all vehicles are allowed to travel through the
work area. Thisstrategy is normally applicable only for maintenance activities on low
volume roadways. Figure 5-2f illustrates atypical intermittent closure.
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3.0 Ramp Closure

It may be necessary to close exit and/or entrance rampsin afreeway work zone to protect
the work crew and facilitate the work activity. Whenever possible, motorists should be
given advance notification of the closure through newspaper releases, radio and television
reports, and special signing when ramps are closed. Advance notification will allow
informed motorists to adjust their travel patterns, and thus lessen the impacts of the
closure.

Entrance ramps in or upstream of awork zone may be closed to reduce traffic demands
through thework area. This strategy is particularly applicable at work zones having
insufficient capacity for handling estimated traffic volumes. However, when entrance
ramps are closed, it isimportant to evaluate the operational impacts of the diverted ramp
traffi